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HOW ARE YOU CHANGING? 


A very wise man once said, ""To live is to change/’ 
From your study of living things, you know one 
thing that he meant. You know that the body of every 
living thing constantly changes from the time it is born 
until it dies. But something else besides your body 
changes. Your mind changes, too. Every year you have 
new exj)eriences, and from these experiences you learn 
things and get new ideas. 

A few years ago the boys and girls of the science classes 
in a large city high school were asked to answer tliis 
question: “How has the study of science changed you.^” 
Here are some of the things they said: 

“I learned of the many ways in which man has harnessed 
nature to do his work. . . .By use of electricity he makes 
darkness into artificial light.” 

"‘The sludy of science led me to cross -pollinate flowers 
myself and watch the results.” 

“I bought a microscope to better continue my ex- 
periments.” 

“On trips now I look for fossils and evidence of change.” 
“I am now more interested in the habits of insects, 
flowers, and trees.” 

“In science I discovered how little I know.” 

""It made me want to see below the surface and know 
the inner, secret workings of things.” 

“All the theories given in science were backed up by 
evidence. It has made me look for evidence in everything.” 

“It taught me that only after many observations am I 
capable of making a true statement.” 

iii 
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■"Since studying science I don’t say a thing is so, for 
sure; but as far as I know, it is so.” 

“I found that prejudice helps to twist the facts around 
and so makes the value of an experiment less.” 

“I learned that great men, like Aristotle even, had 
wrong ideas, and thus my own ideas were encouraged.” 

“I learned to work more systematically.” 

“I now read biographies on the lives of scientists and 
articles containing scientific facts, which before were of 
no interest to me.” 

“Now, with a knowledge of some science, I can enjoy 
and understand scientific discussions in books.” 

Most people think the changes these boys and girls 
saw in themselves are good changes, and that is one 
reason why you have been given a chance to study science. 

Like Science Problems, Book 1 and Book 2, this book 
will help you learn a great deal about the causes of things 
— about how nature works. In it you will read about 
plants and animals, about the energy of coal and oil and 
waterfalls, and about sound, light, and electricity. 

As you would expect, scientists have learned a great 
deal about these things — much more than we could 
possibly tell you in one book like this. But what is more 
important to you is this: The knowledge of how nature 
works has helped scientists and inventors produce all 
sorts of new things — new varieties of plants and animals, 
water-wheels, complicated engines, automobiles, printing 
presses, electric batteries, generators and motors, and 
radio apparatus. All these inventions help man control 
the energy and materials of nature and make them do 
what he thinks he wants done. 

But there is another side to man’s use of nature. By 
cutting forests, cultivating land, and raising animals he 
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Fig. 1. This little chap is having his troubles, and he is letting every- 
one know about them. But before you laugh at him, read pages 30-31; 
you may find that even now you sometimes behave like this little 
fellow. And in the other pages of Unit 1 you will learn many things 
to explain why you behave, or act, the way you do. You will also 
discover that all living things, including even plants, behave in 
certain ways. (Black Box Studios) 


UNIT ONE 



UNIT 1 

HOW DO LIVING THINGS BEHAVE? 


INTRODUCTORY EXERCISES 

1. What does the word behave mean to you? 

Explain as well as you can what you do when you 
think. List the things you have done today that require 
thinking. 

3. You have many habits. Make a list of them and 
think about each one. How are habits valuable to you? 
How may a habit be harmful? 

4. Do you know of any kind of animal that you think 
can learn to do things? If so, what can it learn, and how 
does it learn? 

*5. What sense organs do you have that inform you 
what is going on around you? 

*6. What is a stimulus? Name three kinds of stimuli. 
Do all living things respond to stimuli? 

7. What reasons can you give for believing or not 
believing that a plant can change itself when changes 
take place in its surroundings? 

8. Some people believe that animals such as dogs and 
horses can think. Do you believe that they can? Tell ex- 
actly why you believe as you do. 

9. If you have ever taught an animal to do a trick or 
if you know how animals are trained, tell exactly what 
must be done to teach the animal. Try to explain what 
makes the animal learn. 

*10. In what two ways is man’s body superior to the 
bodies of all other animals? 
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Fig. 2. Something has happened, and these lions are ready for action. 
Through their eyes, ears, or noses, or through all three, messages of 
some kind have come to them, and they are showing it in their 
behavior. (Field Museum of Natural History) 

LOOKING AHEAD TO UNIT 1 

I T IS late in the afternoon. At different places on the earth 
there are five animals: a lion, a python, a frog, a wood- 
pecker, and yourself. Each of these animals has the same 
sensation — an empty feeling below the “belt line.” You 
know this means that you are hungry. What the other 
animals feel about it, we pannot say, but we can watch 
what they do. 

The lion moves its head from side to side and restlessly 
sniffs the air. Suddenly it “freezes.” Apparently it smells 
something. Over to the left there is a small antelope. 
Silently, but swiftly, the lion stalks its prey. Closer and 
closer it gets. Then with two leaps it reaches the animal, 
and its strong, cruel claws and sharp teeth soon make an 
end of the antelope. The lion has had its dinner. 

In a near-by forest a long, sinuous body of bone and 
muscle slithers along the ground. Presently it comes to a 
trail made by animals on their way to water. Close to this 
trail is a tree with an overhanging branch. Up the tree 
goes the python. It wraps its tail around the tree trunk 
and hangs there, ready to launch itself upon any unwary 
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this python, and he is ready to 
act; in other words, he is respond- 
inf? to something that has hap- 
pened in him or around him. 
(Chicago Museum photo) 


over. Some message trom his sur- 
roundings may send him scooting 
to the bottom, or he may find 
everything all right and climb out 
on land. 


animal that passes down the trail. We know what will 
happen. The python will loosen its hold on the tree and 
drop on the unsuspecting animal below. Then it will wind 
its coils around the body of the animal and slowly squeeze 
the life from it. The python will have its meal. 

The scene now shifts to a pool. There is a little move- 
ment in the water, and a head pokes itself above the 
surface. Everything must look all right, for the head 
comes closer to the shore, and a frog crawls out on the 
bank. There it sits perfectly motionless. Presently an 
insect comes buzzing around its head. Still there is no 
movement from the frog. Then something flashes out of 
the frog’s mouth and disappears almost in the saiiie in- 
stant. There is no insect buzzing around the frog’s head 
now. The frog has had its dinner. 

And now I hear a rat-tat-tat just outside my window. 
A woodpecker is drilling a hole in a near-by tree. Presently 
it stops. I cannot see what is happening, but I know what 
is taking place. A woodpecker has located an insect larva 
under the bark of the tree. When the hole is deep enough, a 
long, flexible sticky tongue will shoot into the hole, and 
when it comes out again, the larva will be sticking to it. 
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All of this time you have been bothered by an empty 
feeling. You go to the refrigerator and get a bottle of milk. 
Next, you raid the cookie jar. And now you, the lion, the 
python, the frog, and the woodpecker all feel much better. 

How do the stories that you have just read help you see 
more clearly what this unit is about? First of all, each 
animal had the same feeling, a feeling of hunger, and each 
animal responded to this feeling by looking for food. It is 


hard to describe the feeling 
of hunger, but you know 
what it is like. It is an 
unpleasant feeling, and it 
calls forsomekind of action 
on your part. When you 
eat food, the unpleasant 
feeling disappears. Your 
response to the feeling of 
hunger is to find food and 
put it into your body. 



Other animals respond in pjo 5 An inner feeling of .some 


the same way to this feel- kind sends this flicker hunting for 
ing of hunger. ^‘♦od. (L. W. Brownell photo) 


If you will think about the things you do every day, 
you will find that every move you make, every activity 
you carry on, is caused by something that is going on in 
your body or about you. You are hungry; you eat. You 
are thirsty; you drink. An automobile horn sounds close 
behind you; you jump out of the way. You touch a hot 


stone; you jerk your hand away. Someone asks you a 


question; you answer it. Your response to a situation is 
called your behavior. Other animals respond to situations, 
too. When you study about behavior, you must always 
consider two things: (1) what the situation is to which the 


Fig. 6. Potter-wasp egg nests Fig. 7. A spider’s web 
The kinds of nests and homes that animals build are all a part of their 
behavior. Year after year and century after century they go on build- 
ing in exactly the same way. No one teaches them; they seem to be 
born knowing how to do these things. 

animal is responding; that is, what makes the animal act 
the way it does, and (£) what the animal does, or how it 
behaves in response to this situation. 

Now let us go back and study the behavior of the lion, 
the python, the frog, the woodpecker, and yourself in 
response to the feeling of hunger. The behavior of each 
of the animals described was different from that of the 
other animals. Each animal had its own way of finding 
food, capturing its prey, and eating it. You can see one 
reason why the responses were different. Each animal 
is built in a certain way. It has certain parts that it uses 
to get its food. The way an animal acts when something 
happens to it thus depends to some extent upon the struc- 
ture of its body. 

But we cannot explain the different kinds of behavior 
of living things solely by the kinds of parts that make up 
their bodies. For example, you and I are not much 
different in structure from a chimpanzee. The chimpanzee 
has the same internal organs that we have. It has eyes, 
ears, a nose, arms, lips, and fingers. It can be taught to 
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take care of a baby, sweep, use a knife or fork, and drink 
from a bottle. But you can do many things that the 
chimpanzee can never do. You can read, spell, add, plan 
and build a boat, and play the piano. Of course you had 
to learn how to do these things. But a chimpanzee can 
never learn to do them. Do you know why this is true? 


POUCE TRAIN DOGS 
TO HEED ORDERS SENT 
TO THEM DY RADIO 


When you watch the be- 
havior of animals, you find 
that there is a great differ- 
ence in the way they re- 
spond to a situation. Some 
animals can make only one 
kind of response to a situa- 
tion, They can never learn 
any other way of behaving. 

Some animals can remem- 
ber what has happened in 
the past and can use this 
past experience to respond, 
again in the same way to 
the same kind of situation. 

They can learn from experi- 
ence. In other words, some 
animals are more intelligent 
than others. 

In this unit you will learn 
how animals respond to 
situations, why some animals are more intelligent than 
others, how animals learn, and some of the reasons why 
you yourself behave as you do. You will find out, also, 
how plants behave. Yes, plants can respond to changes in 
their environment, too. Every living thing can adjust 
itself in one way or another to what is going on around it. 


SYDNEY, Australia, Feb, 3.— The 
Sydney police are training Alsatian 
dogs to obey radio commands. Zoe,. 
the only dog fully tested, has re- 
acted perfectly to a set carried on a 
back saddle. The set weighs eight 
pounds and includes batteries, a loud 
speaker, and an aerial. 

Zoe has carried out the following 
radio orders: Fire a revolver, climb 
an eight foot trestle and return back- 
ward, turn on a tap and fill a water 
can, and remove and replace collar. 

When the set first was strapped on 
her body, Zoe was amazed as the 
sound of a voice came from It, but 
quickly accepted the instructions. 

Fig. 8. Watch newspapers and 
magazines for stories about how 
and why plants and animals be- 
have the way they do. 





Fig. 9. Because of his hands, man can do things that no other animal 
can do. Monkeys, chimpanzees, and gorillas have hands much like 
man^s, but man’s hands are better developed and he can move his 
fingers and grasp things more easily. Do you see how such hands, 
directed by a superior brain, help man make things? (Hinsey photo) 

Problem 1 : 

HOW DO HUMAN BEINGS BEHAVE? 

I T HAS probably never occurred to you what a marvelous 
being you are. Think of the things you can do. You can 
control the movements of your arms, legs, and fingers. 
As a result, you can throw a baseball, hit a golf ball, walk, 
run, jump, whittle out a boat, sew on a button, or play 
a piano. You can talk and write; thus you can tell others 
what you are thinking. You can hear and read; in this 
way you can learn what other people want to tell you. 
You can remember things that happened yesterday or a 
year ago. You can profit by the experiences you have had. 
You can plan things in your mind. You can decide what 
to do long before you do it, you can remember your plan, 
and you can know that what you do will be the right 
thing. No machine and no other kind of living things can 
even begin to do all of these things. 

To do all of these things you had to be able to learn. 
You have eyes and can see. But you had to learn to read. 
If you have a baby brother or sister, you know how little 
he can do for himself. About all that he can do is to 
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make a noise when he is hungry, when something is hurt- 
ing him, or when he wants attention, and eat when he is 
oflPered food. Most of the things you do every day are 
things that you have learned to do. You have to learn how 
to behave and control yourself. 

Before you can understand how you learn, you will 
have to get a few ideas about the way your nervous system 
works. It is your nervous system that really manages your 
behavior and gives you control of yourself. 

H ow DO YOU KNOW WHAT IS GOING ON INSIDE YOUR 
BODY AND AROUND YOU? Before you try to solve 
this problem, think a minute about what is going on 
around you and in you. To help yourself do this, answer 
the fourteen questions on this page and the next. For the 
first eleven questions close your eyes after reading the ques- 
tion; then answer it. Then ask yourself, “How do I know 
this?” The following example will show you what to do. 

Answer this question: “Am I standing, sitting, or lying 
down?” Now close your eyes and answer the question. 
Then ask yourself, “How do I know this?” Let’s suppose 
that you were sitting. The answer to the question is, “I 
am sitting. I know this because I can feel my body press- 
ing against the seat. I can also feel that the weight of iny 
body is not pressing against my feet or over one whole 
side of my body. So I cannot be standing up or lying down.” 

Now that you know what to do, answer the following 
eleven questions. Be sure to close your eyes so that you 
cannot get the information with your eyes. 

1. Are both of my feet on the floor, or do I have my legs 
crossed? 

2. Does the chair in which I am sitting have a back and 
arms? Does it have a cushion in the seat? 




Fig. 10. Guided by her “Seeiiig-Eye” dog this woman was one of the 
first persons to cross the great Golden Gate bridge at San Francisco. 
Here she is shown getting the ‘‘feel*’ of the enormous steel cables that 
help support the bridge. People who are blind know much more of 
what is going on around them than you might think. Their senses of 
touch, hearing, and smell become very keen. (Acme photo) 

3. Am I holding a book? 

4. Is the air hot, cold, or just comfortable in temperature? 

5 . Is there a current of air moving by me? 

6. Is there an automobile going by outdoors? 

7. Is the wind blowing hard? 

8. Are there any onions being cooked near by? 

9. Am I tired? 

10. Am I hungry? 

11. Am I thirsty? 

Answer the next three questions with your eyes open: 

12. Is there anyone else in the room? 

13. What is the color of the walls of the room? 

14. How wide is this room? 

If you did what you were told to do, you were probably 
surprised at how much you could learn about what was 
going on inside your body and what was going on around 
you, even though you could not see. Now let us see how 
you were able to know all of these things. 
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First, think of the information that you have about 
things going on at a distance from you. With your eyes 
you are able to tell whether anyone is in the room. Light 
from the sun or from an electric lamp strikes the person, 
and this light is reflected to your eyes. The light passes 
through the front of your eye to the back of your eyeball, 
where it falls upon some ma- 
terial that is sensitive to 
light. Chemical changes take 
place in this material and 
stimulate a nerve connected 
with it. A message then 
starts along this nerve. This 
nerve carries the message to 
a certain part of the brain. 

From here the message 
travels to other parts of the 
brain. Something hapj)cns in 
the brain. Nobody knows 
just what does happen, but 
the result is that we see the 
person. We see how tall he 
is, how fat he is, the color 
of his hair, the shape of his 
nose, and the kind of clothes he is wearing. In a later 
unit you will learn more about how we see. 

The eye is what we call a sense organ. We speak of 
seeing as the sense of sight. At the back of the eye is a 
thin layer of material that is affected by light. When light 
falls upon it, a ehemical change of some kind takes place. 
As a result, a nerve is stimulated, an impulse, or message, 
is sent along this nerve to the brain, and we see. 

Because a sense organ such as the eye is sensitive to 



Fig. 11. Eye of a rabbit, showing 
the nerve from the eye to the 
brain (©General Biological Sup- 
ply House) 
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light, we say that light is a stimulus. A stimulus is any- 
thing that causes a response in a living thing. Each kind of 
sense organ is sensitive to but one kind of stimulus. The 
ear, for example, is stimulated by sounds that come 
through the air. In the nose are the sense organs of smell. 
They are stimulated by tiny particles of materials that 
pass through the air, enter the nose, 
and touch the sense organs. The stim- 
ulus in this case is a chemical stim- 
ulus, because the stimulus comes from 
particles of a material of some kind. 
Taste, too, is a chemical stimulus. 

You can see now that each of the 
sense organs is sensitive to (that is, 
is stimulated by) a certain kind of 
stimulus. Furthermore, this stimulus 
starts an impulse that is sent on to the 
brain through a nerve. In seeing, hear- 
ing, and smelling, something always 
travels from the object to the sense 
Pig. 12. There is organ. In seeing, light travels from 
no question as to the object to the eye. In hearing, 
which sense organ sound travels from the object to the 

(Photo A^ne smelling, tiny particles of the 

Shriber) object travel to the nose. Because of 

this, these three sense organs are able 
to tell us much about what is going on around us. 

Scattered over the skin are a large number of sense 
organs of another kind. Some of these are sensitive to 
cold, some to heat, some to pain, and some to touch. 
In some parts of the body these sense organs are close 
together, as in the finger tips. In other parts, as the back, 
they are much farther apart. Each kind of sense organ is 



Fig. 15, There are many kinds of nerve cells in the body. This picture 
shows some of the nerve cells in the brain, highly magnified. (©Gen- 
eral Biological Supply House) 

reaches the ear.) The nerve carries this impulse to a cer- 
tain area in the cerebrum^ the upper part of the brain 
(Figure 14 ). This area is called the sensory area. The 
nerves from the different sense organs are connected with 
this part of the brain. In the sensory area is a certain part 
called the auditory (hearing) center. This part of the 
sensory area receives the impulses from the ear. 

Another set of nerves now carries this impulse to 
another part of the cerebrum, the association area. The 
association area is the part of the brain that helps us 
remember. Here the impulses that come into the brain 
acquire a meaning. The sound impulse becomes a word, 
^"Bob."’ To you ‘‘Bob” means yourself. You recognize the 
voice of your mother. You know that it is about six 
o’clock and that this is the time you usually eat. This idea 
is made stronger by an empty feeling in your stomacl 
In other words, the sound of your name, the time of day, 
and the empty feeling in your stomach are connected 
with past experiences. The scientist would say that they 
are associated with similar past experiences. As a result of 
these associations with experiences you have had, the 
word “Bob” means to you that it is dinner time and that 
your mother is telling you to come to dinner. 

The association area is connected with the motor area 
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of your brain. The motor area is the part of the brain 
that sends impulses to the muscles of your body. After 
the sound becomes meaningful to you, the association 
area sends a message to the motor area. The motor area 
sends out messages to the proper muscles. As a result, you 
put down your book, get up, walk into the dining-room, 
and sit down at the table. 

Now let us take another common experience and see if 
we can explain what happens. Let us suppose that some- 
one says to you, ^^Take this and tell me what it is.” You 
answer immediately, ‘Tt’s an orange.” How did you know 
what the object was.^ 

First of all, your sense organs sent impulses to the sen- 
sory area. These impulses were then sent on to the asso- 
ciation area, where they acquired meaning. Impulses 
from the eye supplied you with information as to the 
shape, size, and color of the object. Impulses from the 
nose were interpreted by your brain as a certain odor. 
Impulses from the sense organs in your skin informed you 
that the object was rather soft and that its surface was 
not quite smooth. Impulses from the sense organs in your 
muscles told you something abopt the weight of the object. 

In the association area of your brain all of this informa- 
tion was gathered together and connected with j)revious 
experiences. The sum of all the information you received 
from your sense organs was like the sum of the informa- 
tion you had received many times before. A long time 
ago you learned a word that you could use for all of this 
information. This word was “orange.” The person to 
whom you were talking had also had the same experiences 
with this object, and he also uses the word “orange” to 
stand for his experiences with the object. So when you 
said, “It’s an orange,” he knew what you meant. 




Fig. 16 . This diagram will help you understand what hai>pens when 
messages go to the brain from the various sense organs. Be sure that 
you can explain everything in this diagram. 

Now let us see what you have learned from the two 
examples of behavior that you have just read about. The 
cerebrum, or upper part of the brain, is divided into three 
areas. One area, the sensory area, receives the impulses 
that come from the different sense organs in the body. 
This area is also divided* into smaller areas. One area 
receives impulses that come from the ear, and another re- 
ceives the impulses that come from the eye. Still others 
receive impulses from other kinds of sense organs. 

Impulses received in the sensory area are sent on to the 
association areas. Here the impulses from different sense 
organs are associated. These impulses then become mean- 
ingful when they are associated with memories of earlier 
experiences. In other words, you know that an object is an 
orange, you know what people are saying to you, and you 
know what you are reading. The association area is the 
store-house for the changes that have taken place in the 
nervous system because of past experiences. These past 
experiences make present experiences mean something to 
you and tell you what to do or how to behave. 
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If your behavior in a situation is to be some kind of 
movement of your body, impulses are sent on to the motor 
area of your brain. The motor area then sends these 
impulses on to the muscles, and you move your body, or 
some part or parts of it, in the way that you have decided. 

From what you have learned about your brain, you 
can see why the more you know, the more likely you are 
to behave intelligently. You always interpret or explain a 
situation, an event, or an object according to your past 
experiences and according to what you remember about 
these past experiences. The more experiences you have 
had, the more meaningful the new situation is. For ex- 
ample, when you watched your first football game, you 
probably had little idea of what was going on. You knew 
that the ball had to be carried to one end of a field and 
that a score of six points was given whenever this hap- 
pened. At times the referee would blow a whistle, pick up 
the ball, and move it back a few yards. You did not know 
why. However, at each game you attended you found out 
a little more about the game. If you actually played foot- 
ball, you accumulated a whole new set of experiences, and 
the game came to mean much more to you. 

Do you see, now, the important reason why you go to 
school and study many different subjects? By reading, ex- 
perimenting, and thinking in school, you have many more 
valuable experiences than if you spent all your time play- 
ing. There are also valuable kinds of experiences you get 
by playing with others, by working, by attending religious 
services, and in other ways. 

In this problem you have been studying about the ways 
in which human beings behave. If you have understood 
what you studied, you have a better idea of why you 
behave as you do. For example, in one of the illustrations 




Fig. 17. Look at the objects in this picture; then think about each 
object. What does each object mean to you? Does the object mean 
something to you because of what you have done or of what you have 
read, or both? For example, the canoe may make you think of Indians, 
tepees, a camping trip, a time when you were tipped over, etc. Do 
the objects mean different things to some of your classmates? Why? 

‘‘Bob’’ meant to you, ‘‘Come to dinner.’’ We have ex- 
plained why it meant thi^ to you. Sometimes “Bob” may 
mean, “You are making too much noise. Be quiet.” Can 
you figure out why “Bob” means one thing one time and 
something else another time? K you can, you understand 
what you have studied. 

You have also seen that words come to stand for certain 
objects, situations, or events. If I say the word “iron, 
“summer,” or “airplane,” you know immediately what 
I am talking about. The larger your vocabulary of mean- 
ingful words is, the better you can listen, think, and 
speak. One of the most important things you can do in 
school is to learn the meanings of a large number of new 
words. In your thinking each new word stands for ex- 
periences you have had. 
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Self-Testing Exercises 

1. To what part of the brain do impulses from the sense 
organs go? Where do they go from there? What happens in this 
area? How does the message finally get to the proper muscles? 

2 . Explain how you recognize and name objects. 

3. The more you know, the more likely you are to behave 
intelligently. Explain why this is true. 

4. Why does the sound of your name mean one thing to 
you one time and something else to you another time? 

Problems to Solve 

1 . Suppose that you see your mother sitting in a chair beside 
an open window. Suddenly, she gets up and closes the window. 
Tell what you think happened and explain why she behaved 
as she did. What experiences have you had that caused you to 
give this explanation? 

2 . Blindfold a person and then clap two sticks together 
directly behind the person. Ask him to point in the direction 
from which the sound came. Try it several times. Can he do 
it.^ Now clap the sticks together behind, but at one side of, 
the person. What happens? Explain. 

3. Many of the things we think we recognize by taste, we 
really recognize by smell. Experiment to discover whether you 
recognize an apple, a i)otato, and an onion by taste or smell. 

4. Have someone name several things, one at a time. Write 
the experiences that come to your mind as a result of each word. 
Compare with what your friends put down. 

H OW DO WE FORM HABITS? Can you carry on a conver- 
sation with someone when you are eating a meal or 
buttoning your coat? Or do you have to think about how 
to say each word, how to hold your fingers about a fork, 
and how to get a button through the buttonhole? When 
you learn something new, such as skating or riding a 
bicycle, you have to pay attention to what you are 
doing. After you practice for some time, the whole pro- 



Ficj. 18 . A skilled pianist tloes not have to think where to put his 
fingers to strike the right notes. He reads the music and strikes the 
keys almost automatically. He has practiced until reading the music 
and striking the right keys have become habits with him. Therefore 
he can put all this attention on how fast to play, how loudly, how 
softly, etc. (Ellis O. Hinsey photo) 

cess becomes automatic; ttiat is, it will go on by itself 
with almost no attention from you. 

When you learn to do something in a certain way and 
no longer have to pay attention to what you are doing, 
you have acquired a habit, Reading, writing, talking, 
swimming, eating, putting on your shoes, riding a bicycle, 
and many other activities of your daily life are habits. 
You start the activity going, and then it continues with- 
out further direct attention from you. If you have never 
thought about habits, you will be surprised to learn how 
much of your behavior is more or less automatic because 
of the habits you have formed. And without habits you 
would have little time left for doing things that are not 
habitual. Of course, some habits are bad. These interfere 
with our living or make us less pleasant companions. 
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The habits we have been talking about are mainly 
those concerned with moving the body or parts of it. 
You can also get into other habits: for example, the habit 
of being on time or late, the habit of doing your work care- 
fully or carelessly, the habit of obeying your father and 


mother, or the habit of disobeying. 



You can develop habits for prac- 
tically everything you do. 

Fortunately, you can always 
form new habits. New habits will 
often help you to do things more 
efficiently. Also, the best way to 
get rid of an undesirable or bad 
habit is to form a new and desir- 
able one to take the place of the bad 
one. [You can form a new habit 
much more surely and quickly if 
you know the most effective metli- 
od. First, you should be quite sure 
that you really want to form the 
new habit. Second, start the new 
habit with as much determination 
and attention as you can. Make the 
starting a real occasion in your own 
life whether others know about it 


about just how to hold 
the racket and just how 
to swing his arm. Such 
things have become hab- 
its through long practice. 
Therefore he can put all 
his attention on where he 
wants the ball to go and 
how hard he wants to 


or not. Third, never let yourself act 
contrary to your new habit until 
it has been well formed. ^ 

As an example, let us suppose 
that you have the bad habit of 
holding and using your knife and 
fork incorrectly. You will continue 


hit it. 


in this habit until you set out to 


Fig. 20. These men are learning to be instructors of blind people. 
For many days they have to live blindfolded so that they will know 
exactly what problems blind people meet in getting around. Ouring 
these days they develop many new habits to help themselves get 
along without the sense of sight. (Acme photo) 

break it. To break the old habit you must form a new 
and stronger habit of eating in the correct way. To start 
with, be sure you really want to do it. Your efforts will 
probably be wasted if you try to change merely because 
your father and mother want you to do so. Give some 
thought to the problem and decide that you will be a 
more pleasing table companion for your family and your 
friends if you change your habit. 

Second, get a good start by giving careful attention to 
the correct way of eating. Watch those who eat correctly. 
Then take a knife, fork, and food to your room and 
practice. Third, at every meal, even though you some- 
times eat alone, be very sure to hold the knife and fork 
correctly. After a week or so you -f«dll find that you have 
formed the new habit. Soon you can forget your knife and 
fork. The new habit will take over the job of managing 
them in the proper manner. It is the same way with other 
habits. They can be broken by forming new habits to 
take their place. A set of good habits is about the most 
valuable possession that an individual can have. 

Now that you are just starting a new year of school 
work, you should give some attention to your habits of 
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doing your school work. What kind of worker do you 
really want to be? How can you get to be that kind of 
worker? What bad habits do you have? What good habits 
can you form to take their places? Choose a habit that 
you really want to change and go to work on it. For ex- 
ample, choose one or more of the following ways to study 
and practice until it becomes a habit: 

1. I shall form the habit of making a preliminary in- 
spection of my work before I start to study to be sure 
that I know what to do. 

2. If I do not understand the assignment, I shall ask 
the teacher to explain what I do not understand. 

3. I shall review the previous lesson before I start on 
a new lesson. 

4. I shall try to think of examples to illustrate the 
principles or ideas presented in the lessons. 

5. When the teacher asks questions, I shall always 
answer them to myself even if I am not called upon. 

6. I shall think of questions to ask about the things we 
artj studying. 

7. I shall not believe everything I hear. I shall ask 
questions or go to books to check up on things. [ 

Self-Testing Exercises 

1. What is a habit? 

2. Why is the formation of good habits valuable to us? 

3 . How can you break a bad habit and form a new habit? 

4. Read your answer to Introductory Exercise 3. Add other 
habits to your list. 

Problems to Solve 

1. At the beginning of a new year one often writes the 
preceding year’s date. Explain. 

2. Is it easier to form a bad habit or a good habit? Explain. 

3. Tell how you have formed some new habit. 



Fio. ^1. The famous Seeing-Eye dogs for blind people are trained to 
(Jo amazing things. They stop at curbs to be sure that traffic is clear, 
and will turn right, left, or go ahead, according to their owner’s in- 
structions. They will pick up objects, even as small as a dime, that 
t heir owners may drop. It takes about three months to train a Seeing- 
Kye dog, and the owner has to go through a month’s training to learn 
how to use the dog. (Courtesy *‘The Seeing-Eye,” Morristown, N. J.) 

H OW DO WE THINK? If you Were asked why you can 
behave more intelligently than a dog, an ant, or an 
angleworm, your answer would probably be, can 
think, and they can’t.” This is correct. But what do you 
mean when you say that you can think? 

Let us watch the behavior of a dog in a certain situa- 
tion. You are training the dog to pick up a stick and return 
it to you. One day you throw the stick over a picket fence. 
The distance between the slats is wide enough so that the 
dog squeezes through the fence and goes after the stick. 
He picks up the stick by the middle and attempts to 
return through the fence. Of course, he cannot get through 
with the stick in his mouth. What does he do? He runs 
up and down the fence looking for a wider opening; he 
tries to jump over; he sits on his haunches and whimpers. 
He tries all sorts of antics. 

Finally, in picking up the stick, which he has dropped 
in his wild scrambles, he accidentally gets hold of it by the 
end. This time he is able to squeeze through the fence 
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with the stick in his mouth. Would you say that the dog 
is doing any thinking in this situation? 

Before we answer the last question, let us see what you 
would do in the same situation. You would pick up the 
stick and bring it to the fence. You would see, without 
trying it, that the stick would not go through the slats if 

held horizontally in front of 
you. If the space between the 
slats were wide enough, you 
might squeeze through and 
then pull the stick after 
you. Or you might throw the 
stick over and then climb the 
fence yourself. You would de- 
cide what was the best thing 
to do; then you would do it. 
Your behavior in this situa- 
tion would be the result of 
thinking. You would see what 
the problem is and solve it. 
The dog, on the other hand, 
would not understand what 
the difficulty was. He would 
not see why he could not 
carry the stick through the 
fence. He could not plan a way to solve the problem. 
He could not think as well as you can. 

Now let us consider the behavior of a hungry ape that 
was placed in a cage. A banana was placed about ten feet 
away. Two short bamboo sticks, one smaller than the 
other, were placed in the cage. The smaller stick could be 
fitted into the hole in the larger stick. What did the ape 
do? First, he tried to reach the banana with his hands. 



'iG. This chiniiiaiizee has no 
idea what he is doing. lie is 
merely imitating something he 
has seen done. Many animals 
seem to like to imitate persons 
and other animals. 
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Then he picked up one of the sticks and tried to reach the 
banana. But the stick was too short. So he gave up for 
the time and played with the sticks. While playing with 
them, he accidentally fitted the smaller stick into the 
large stick. At once he poked the long stick he had made 
through the bars of his cage and got the banana. 

This behavior is different from the behavior of the dog. 
The ape remembered that he could not reach the banana 
with one stick. When he saw the long stick that he had 
made, he apparently realized that this long stick might 
reach the banana. In other words, he actually thought 
out a way to get the banana. This is a case of very 
simple thinking. The animal actually discovered for him- 
self how he could get what he wanted. 

Of course, if you were placed in such a situation, you 
would immediately figure out what to do. You would see 
that one stick was too short, and you would not even try 
it. You would see at once that you needed a longer stick, 
and you would put the two sticks together. You can think 
better than the ape. 

The great advant age in being able to think is this : When 
you have a problem, you can bring many of your past 
experiences to bear on the problem, and you ean use these 
experiences to help you find a way out of your difficulty. 
You can “think” of different ways in which you might 
solve your problem, and can pick out the method that 
seems most likely to succeed. You can think ahead. You 
can plan what you are going to do. The ability to do these 
things makes man the most intelligent of all the animals 
and really makes him the ruler of the world of living 
things. Man can do these things because he has a marvel- 
ous brain. No other animal has a brain that can even com- 
pare with man’s brain. 
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You behave in one way in which no other animal can 
behave. An animal always responds to any situation in 
which it finds itself. It does something to try to satisfy 
the immediate desires that it has. It never looks into the 
future to consider what it should do. If an animal is 

hungry, it eats. You do 
not always do this. For 
example, you have some 
money and you are pass- 
ing a candy store. You 
are hungry, and you want 
some candy very badly. 
You think, “If I buy the 
candy, I cannot go to the 
movies this evening. So 
you do not buy the candy. 
In this case you refuse 
something you want in 
the present in order to 
have something better in 
the future. No other ani- 

Fio 2.S. in this statue Auguste 

Rodin, great French sculptor, repre- » , , • , • i 

sented man’s superiority over all higher animals can 

other living things. He named the think in a very limited 
statue “The Thinker.” way, but HO animal ex- 

cept man can plan and think in terms of the future. 

Curiously enough, even though people have this marvel- 
ous brain to direct their behavior, they do not always use 
it. Did you ever do something that you should not do 
and then when asked, “Why did you do it?” say, “I didn’t 
think”? Probably you have. Now what did you mean 
when you said, “I didn’t think”? You meant that you 
acted without considering the consequences, or what 
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would happen as a result of your action. “Look before 
you leap” is an old saying. What it really means is, “Think 
before you act.” Many times you can save yourself and 
others much trouble if . y o u will think before yoTj act. 

If you have not read “How does the scientist solve 
problems.^” in Science Problems, Book 1, you should read 
it now. It tells you how a scientist uses his mind in making 
discoveries and inventions. The thinking that you dP is 
the same kind of thinking that the scientist does. His 
thinking is likely to be much more accurate than yours, 
because he is more skillful in working out his problems. 
But you can learn to do more accurate thinking. 

Self-Testing Exercises 

1. In what ways are the behavior of a dog and the behavior 
of a human being different in solving a problem like getting a 
stick through a fence? 

Explain how the behavior of the hungry ape was some- 
what like the behavior of a man. 

3. What is thinking? 

4. Make a list of five situations in which you had to think 
today. Select one of them and tell what you did. 

Problems to Solve 

1. What subject in school requires the most thinking? Why? 

2. Suppose you had a choice of taking a vacation either in the 
mountains or at the seashore. Tell how you would decide which 
place to go. Would this be thinking? 

3. Does memorizing a poem require thinking? Explain your 
answer. 

4. Does adding a column of figures require thinking? Does 
solving an arithmetic problem require thinking? What is the 
difference between adding a column of figures and solving an 
arithmetic problem? 

5 . Describe a situation in which you decided what to do on 
the basis of the future instead of the present. 



Fig. 24. Quite disgusted with Fig. 25. Life looks pretty blue to 
everything (Black Box Studios) this little lady. 

H OW DO EMOTIONS AND PREJUDICES INFLUENCE OUR 
BEHAVIOR? When you have been angry, have you 
ever done something for which you were sorry afterwards ? 
If not, you are probably the only person in the world who 
has not done so. Unfortunately, we do many things that 
are not the result of careful, deliberate thinking. Some- 
thing happens that we do not like, and, if we do not guard 
ourselves, we say or do something that we would never 
say or do if we had first done a little thinking. In such 
cases we are letting our emotions govern what we do. 

Some people have what is called an ungovernable 
temper. That is, they get mad, ‘‘fly off the handle,’’ and 
cause a commotion when anything displeases them. We 
can understand people with bad tempers when we under- 
stand how these people got that way. Young babies have 
only one way to let their wants be known. They have to 
kick or scream because they have not yet learned to talk. 
They soon learn that the louder they yell, the more atten- 
tion they are likely to get. Some parents spoil the baby 
30 



Jb'iG. ^f>, "l wonder wiiat tJtiis Jb'iG. 5j57. ”1 never felt better in my 
thing is.** (Black Box Studios) life!” she seems to be saying. 

by giving it everything it wants whenever it ‘Splits on a 
show.’’ The baby soon learns that this is true; so he 
adopts this as a method of behavior to get what he wants. 
If he is not corrected, this behavior becomes a habit. Of 
course, as we grow older, we learn that not all of our wants 
are immediately satisfied. Some of them are never satis- 
fied. But the habit of flying into a rage whenever anything 
happens that we do not like still sticks with us, even though 
it does not work the way Jit did when we were babies. 

[ A person with an ungovernable temper is simply a 
person who has never grown up. He is still at the baby 
stage of learning so far as controlling his emotions is 
concerned. He has to break this habit, or he will never 
learn to get along with the people with whom he has to 
live. Many very intelligent people have made miserable 
faihlTes of their lives and have also spoiled the lives of 
other people because they have never learned to control 
their emotions. Perhaps you have heard of the mother 
who was trying to cure her son of fighting. She told him 
to count to one hundred before he started to fight. This is 
not bad advice. By the time a person counts to one hun- 
dred, the first anger has usually passed away, and he is 
less likely to want to fight. 
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There is another thing that you 
ought to know about emotions. 
Sometimes everything seems to go 
wrong for us, and we feel “blue” 
and discouraged. We are likely to 
do things and say things under 
these circumstances that we would 
never do or say if we “felt right.” 
At other times we feel gay and 
happy. Evei-ything seems “rosy.” 
This is perfectly natural. Every- 
body feels different at different 
times. Psychologists tell us that 
people go through regular cycles 
of “ups” and “downs.” Plvery few 


Fi(i. 'is. Soniethitig eor- days, weeks, or months a person 
lainlylm.s this hoy ii|j.set. will have a .spell of being “down- 

Perhap.s it i.shi.s stomach, hearted.” The cycles seem to be 
or niayhe he is having . ytv ^ i 

trouble of some kind. Did dinerciit tor airterciit people. 1 oor 

you ever feel the way he health may also make us “down- 
looks? (Carl Berger photo) hearied.” In what we do we ought 
to reeogniz(‘ whether we are feeling 
“up” or “down” and behave aeeordingly. Important 
decisions made in either of these moods, especially when 
we are discouraged, are likely to be wrong. 

Scientists do not know very much about emotions. They 
do know that emotions have a veuy great effect upon our 
behavior. The important thing for us to know about 
them is that if we let our emotions govern what we do 
most of the time, we arc likely to behave foolishly. In 
making decisions you should try to determine whether 
your decision is based on sound thinking or whether it is 
merely emotional in character. 
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Then, too, each one of us has prejudices that affect our 
behavior. Did you ever meet someone for the first time 
and immediately dislike that person before he even said 
a word.^ The explanation of this goes back into your earlier 
experiences. For example, suppose the new person’s name 
is Harold. Sometime in your past experience you knew a 
boy named Harold who teased or bullied you, and you 
disliked him very much. When you meet a new person 
named Harold, without knowing it you associate your 
feeling for the Harold you once knew with this new 
Harold. In the same way, the shape of the nose or other 
features of a person may remind you of someone you onct; 
knew and disliked, and you attach this dislike to the new 
person. You can guard yourself against prejudices of this 
kind if you will make it a habit not to form an opinion of a 
person until you know more about him. 

We also have prejudices about many other things. 
Perhaps you are an ardent Democrat or Republican. 
Why? The chances arc that you are the one or the other 
because your father or mother i.s. You will not even listen 
when someone tries to tell you that the other party is the 
better one. Why not? Because you are prejudiced. Actu- 
ally, if you were asked to write an essay on “Why I Am a 
Republican” or “Why I Am a Democrat,” you could not 
do it. You do not know what each party stands for. .\nd 
if you are prejudiced, you will never find out. The only 
way to keep from becoming prejudiced is to keep your 
mind open. Do not form opinions too hastily, and do not 
hold them so strongly that you are unwilling to give them 
up in the face of new facts. Listen to others who do not 
agree with your opinions. If their reasoning is good, better 
than yours, be willing to change the opinion that you had. 

It is very important to know that we are often prej- 




riG. 29. Ihis speaker has his audience quite excited. He may be right, 
or he may be wrong, but be is probably appealing strongly to their 
emotions and prejudices. People in crowds are easily excited, fright- 
ened, made angry, and in other ways influenced. Psychologists tell us 
that crowds of people can be made to do things that an individual 
person or two or three people would never do. (Acme photo) 

udiced because the people with whom we associate are 
prejudiced. This influence is especially important while 
we are young children, even before we start to school. 
In our relations with other people we must remember that 
they have grown up in contact with different attitudes 
and prejudices than ours. We will be more tolerant of their 
feelings when we understand how they “got that way.” 

Another important fact we should know about prej- 
udices is the use that some organizations are making of 
our tendency to have prejudices. They write newspaper 
articles, publish advertisements, and start rumors to 
create prejudice in our minds. Often they do this so that 
they can make more money or have more power. We need 
constantly to be on the lookout for prejudices that are 
created in this way for selfish purposes. 

Human behavior is a very complex thing. It is almost 
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impossible to tell why a person acts in a certain way when 
certain things happen to him. Habits, careful thinking, 
prejudices, and emotions all have a part. The more you 
can make your behavior depend on your reason, the more 
intelligent your behavior will be. 

Self-Testing Exercises 

1. What is the difference between behavior that is ruled by 
the emotions and behavior that is ruled by reason? 

2. Describe a situation in which your actions were governed 
by your emotions rather than by reason. 

Problems to Solve 

1. Describe as well as you can how you feel when you are 
sorry, glad, afraid, angry, happy, disgusted, and annoyed. 

2. Make a list of things that you do not like. Do you have 
reasons for not liking these things, or is your dislike based on 
prejiulice? 

3. What changes do emotions cause in your body? Think of 
times when you have been influenced by a strong emotion. 
Watch others under similar cirgumstances. How are the breath- 
ing, color of skin, rate of heart beat, and strength changed? 

4. Is prejudice ever a good thing to have? This would be a 
good topic for debate in your class or your science club. 

5. Does the same situation always cause the same emotion? 
Give examples to support your answer. 

H OW DOES ALCOHOL AFFECT BEHAVIOR? YoU liaVC 

probably seen the safety bulletins issued by auto- 
mobile or insurance companies that show how long it 
takes to stop a car when it is going at different speeds. 
One of the terms used in these bulletins is reaction time. 
Let us see what this term means. 

To a person who has driven a car for a long time, the 
shifting of gears and the application of brakes are habits. 
The driver does not need to think about what he does. 
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Fi<i. 30. Thi.s picture will help you understand what is meant by 
reaction time. Be sure that you can explain it and Figure 31. 


If another car or a person suddenly looms up in front of 
him, he automatically throws on the brakes. Now, of 
course, it takes tin* person a brief second of time to act 
after he sees the object. The time that it takes for him to 
react to the stimulus is called his reaction time. This time 
varies for diff<‘rent peoplt*, but for the average trained 
driver it is about three fourths of a. second. 

You can see that a person’s reaction time is very im- 
I>ortant in determining how quickly he can stop a car. 
Experiments have shown that alcohol makes a person s 
reaction time slower. In otlu'r words, it takes a second or 
more for an alcoholic per.son to react. In the meantime, 
the car is moving forward. A bad accitlent may take ])lace 
because the car moved fifteen feet farther before the drivtu- 
could put on the brakes. A very large percentage of the 
accidents that occur at night are a direct result of the 
effect of alcohol upon the nervous system. 

Alcohol also affects one’s judgment. People say and do 
many things that they woidd not say or do under normal 
circumstances. Alcohol weakens their sense of right and 
wrong, their control over their (‘motions, and their sense 
of the eonse(iuene('s of their actions. In other words, they 


UNIT 1. BEHAVIOR 


37 



Fig. 31. This picture shows how alcohol may cause an accideut by 
slowing up the driver’s reaction time. 


do not think as correctly or act as s('nsihly as they do 
without alcoliol. This happens because alcohol paralyz(\s 
or dulls the higher centers of the brain that control 
what wc do. 

Self-Testing Exercises 

1. Why is a person’s reaction time a very important part of 
his behavior.^ 

2. How does alcohol affect a person's btdiavior? 

Problems to Solve 

1. Make a list of situations in which a slow reaction time 
would be disadvantageous. 

2. Describe a situation in whitdi you have seen someone 
under the influence of alcohol. What did this person do that lu^ 
would not ordinarily do.? 

3. In what games is a short reaction lime helpful.? Why.^ 

4. Is alcohol ever a useful substance in the human body? 
Find out what doctors think about this problem and report to 
your class. 

5. What kind of behavior is needed to drive an automobile 
most successfully? Work out a list of eharacteristies of a good 
driver. What habits are important? When is the ability to 
think important? 



Fig. 32. Three hundred years ago in our country hunters and trappers 
found beavers building dams like this, and beavers are still building 
them in exactly the same way. Of course, nobody knows how or when 
they learned to do so, but it probably took place bit by bit and by 
accident through hundreds and hundreds of years. They could not 
*‘think out” how to build such homes. (Francis photo) 

Problem 2: 

HOW DO ANIMALS BEHAVE? 

W HAT IS TRIAL-AND-KRROR BEHAVIOR? NoW that yoU 
understand a little more about how you yourself 
behave, you can understand more easily how other ani- 
mals behave. You will find, too, that a study of animal 
behavior will make you understand yourself still better. 
In studying the behavior of animals, you will first read 
about a situation in which an animal is placed and see 
what the animal does. 

We will start with a study of a very simple animal, the 
paramecium. The parameciuiu is a tiny one-celled animal 
that swims by means of many tiny moving hairs called 
dlia. It has no eyes, ears, or nose to tell it what is going 
on around it. It has no brain to guide or direct its behavior. 
It is about as ‘‘dumb” an animal as you can find. But let 
us follow a paramecium around as it swims through the 
water and see what it does. Here it goes. Right ahead of it 
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Fig. 33. A para- 
mecium magni- 
fied about 260 
times. Around 
the edges are the 
cilia. (©General 
Biological Sup- 
ply House) 

is a hard, smooth object in the water. If it keeps on in the 
same direction, it will surely bump into it. And so it does. 
This seems to be very foolish behavior, but there is no 
way for the paramecium to know that the object is there. 

Now let us see what the little animal does. It backs up. 
The cilia that have been driving it forward change the 
direction of their strokes so that they force the animal 
backward instead of forward. Now the tiny animal is 
turning to one side so that it will head in another direction. 
Then the ciljia take up their forward stroke again, and 
away the animal goes. If it runs into another hard object, 
it does exactly the same thing again. This is all that it 
can do. Scientists call this group of movements an avoiding 
reaction. 

The paramecium also makes this avoiding reaction in 
response to other kinds of stimuli. If one side of the drop 
of liquid in which the paramecium is living is heated, 
or a strong light is sent through it, or it is cooled, or an 
irritating chemical is placed in it, the paramecium will 
stop, back up, turn to one side, and start in a new direc- 
tion to avoid the unwelcome stimulus. This avoiding 
reaction enables the animal to find and stay in the part of 
its water home that is most favorable to it. 

If the animal runs into a very small particle or an 
object with a soft surface, it usually stops swimming and 
starts the cilia around its mouth moving. These cilia 
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draw in a constant stream of water containing small par- 
ticles. Many of these small particles are food for the 
animal. Curiously enough, if tiny particles of carmine 
(a red coloring material) are placed in the drop, the para- 
mecium will take these into its body, even though they 
are not food. Apparently the animal cannot tell what is 
food and what is not food. Experiments have shown, 
however, that after a time the paramecium will refuse to 
accept carmine particles. 

The paramecium has only one kind of behavior. Scien- 
tists call this type of behavior trial and error. Let us see 
what this means. The paramecium starts off in a certain 
direction. It bumps against something or comes into an 
unfavorable region. It backs up and starts off in another 
direction. It changes its direction constantly, so that it 
stays in the place most favorable to it. In other words, 
it finds the most favorable place by moving first in one 
direction and then in another, until it finds the best 
direction to go. 

The behavior of the paramecium is trial-and-error 
behavior of the simplest kind. The paramecium can make 
only four responses. It can either go forward, stop, back 
up, or turn to one side and go forward again. Behavior 
of this kind in such a simple animal does not teach the 
animal anything. There is nothing else the animal can 
do. While the behavior of the paramecium is very simple, 
it is sufficient for living the kind of life that the animal 
lives. A man who behaved only by trial and error would 
have a hard time getting along in the kind of world that 
we live in. A paramecium can get along all right if it can 
get food and oxygen from the water it lives in, and if it 
can stay out of places where conditions are such that it 
might be killed. These things, as you have seen, the 



Fig. 34. People who train dogs for hunting could tell you many 
interesting things about how animals learn. A dog or a horse can be 
very easily spoiled if the trainer and the owner do not understand 
how animals behave. (Acme photo) 

animal can do. The behavior of the paramecium is really 
very well fitted to meet the conditions of its surroundings. 
The animal does not have to be able to learn, because it 
can already do the things that are necessary to keep it alive. 

You will see, however, that in more complex animals 
trial-and-error behavior is a way of learning. Suppose 
that we put a hungry cat iiKa cage. Just outside the eag(‘ 
we put some food. Wc fasten the door of the cage in such 
a way that it can be opened by pulling down on a loop 
of cord in the cage. Of course the cat does not know this. 
What does it do? It is hungry, and it Avants to get out. of 
the cage and get the food. It tries many ways of escape. 
It tries to squeeze through the bars; it thrusts its paws 
through the bars; it claws at the box; it paces up and 
down. It does the same things over and over again. 
Finally, by accident the cat happens to pull the string, 
and the door flies up so that it can get out. 

You can see that this is Lrial-and -error behavior, too. 
The cat made all the movements that it could and ki'pt 
them up until one of them happened to be successful. 
It is the same kind of behavior as that of the paramecium. 
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The cat, however, is more likely to be successful in getting 
what it wants by trial and error, because there are so 
many more things that it can do. 

The paramecium does not learn anything from its 
behavior. Is this also true of the cat.^* You do not have to 
guess the answer, because it has already been solved by 
experiment. The experiment was performed by keeping a 
record of the time it took the cat to get out of the cage. 
On the first attempt the cat required 180 seconds to 
get out of the cage. After twenty-four trials the cat got 
out in five seconds. In other words, the cat had learned 
how to open the cage. 

Now let us see how the cat learned. When it was put 
back in the cage after the first attempt, it went through 
the same set of movements it did in the first place, but it 
did not do them so many times. Finally, as in the first 
attempt, the cat happened to pidl the loop, and the door 
opened. Each time the experiment was tried, the cat 
made fewer and fewer of the movements that were of no 
value. Finally it eliminated all of the useless movements 
and immediately pulled the loop. It had learned how to 
get out of the cage. 

When an animal learns by trial and error, it simply 
makes every possible movement it can. One of the move- 
ments happens to be successful. Still the animal has no 
idea of how to open the cage. It does not see that pulling 
the loop opens the door. Learning by trial and error is a 
simple matter of eliminating movements that bring no 
results. This goes on until all of the useless movements are 
discarded. This is the only way that an animal such as a 
cat can behave. A cat cannot understand how a catch on 
a door works. All that it can do is to keep on trying until, 
by a lucky accident, it is successful. 



Fig. 35. If you have a young brother or sister who is learning to write, 
watch what he does. You will find that he wiggles his legs, frowns, 
and moves his body from side to side in his effort to make his fingers 
behave. All these movements are useless ; they do not help in writing. 
Through practice, however, the child eliminates the useless move- 
ments, and finally only his arm and fingers move when he is writing, 
(Kwing Galloway photo) 

You must not feel too superior to the parameciuni and 
the cat. Some of your behavior is trial and error, too. 
Learning to skate, swim, dance, or write is partly trial- 
and-error learning. A child learns to write in very much 
the same way that the cat learns to open the cage. The 
child’s goal is to make a letter like the one he sees in his 
book or on the board. It takes a long time before the 
muscles of the fingers and arm will work in just the proper 
order to guide the pencil in making a good letter. 

We also use trial-and-error behavior in many of our 
more complex activities. When you make a kite, you have 
to guess about the correct length to make the tail. You 
add about what you think is right, and then you fly your 
kite. If it does not fly well, you change the length of the 
tail. You try it again, and you may still find it necessary 
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to add or take off some of the tail. Of course, this kind of 
trial-and-error behavior is much more intelligent than 
that of the paramecium or the cat. You know what it is 
you are trying to do. You figure out that the reason the 
kite does not fly well is that the tail is not the right length. 
This is real thinking. The trial-and-error behavior comes 
in when you try different lengths of tail. 

Self -Testing Exercises 

1. What is trial-and-error behavior? 

Trial-and-error behavior does not result in learning in the 
case of the parameciiini. Why not? 

3. What is the difference between trial-and-error behavior 
and thinking? 

4. How does the trial-and-error behavior of the cat in the 
cage result in learning? How do you know that the cat did not 
solve the j)roblein by thinking? 

5. State an example of your own to illustrate trial-and-error 
learning in yourself. 

Problems to Solve 

1. Explain how you learned to swim. What kind of behavior 
was it? After you learned to swim, what kind of behavior was it? 

2. Explain how your learning to ride a bicycle is different 
from a baby’s learning how to walk. 

W HAT IS A REFLEX ACT? If vou sit Oil a cliair with 
your legs crossed and strike your leg with the edge 
of your hand just below the knee cap, a curious thing wdll 
hapjien: Your leg will kick forward. This is an action 
over which you have no control. The movement of your 
leg is a response to the blow on your leg, and it is involmi- 
tary. Do you know what involuntary means? If I decide 
to raise my hand to my eyes, an impulse passes from tlie 
motor center down to the appropriate muscles, and up 




i 1^.. ,f\f. xnifs iitxje reilow looks as if he might he res])onciiiig to the 
stimulus of a mosquito hite or a fly bite. Notice how his toes are spread 
ai>art on one foot and curled up on the other. (Black Box Studios) 

«<)es my hand. This is a voluntary action. I willed that 
it should happen. An involuntary action is one that 
takes place without your willing it to take place. An in- 
voluntary act of your leg, such as we have just descrihed, 
is called a reflex act. 

You have probaVjly noticed in a flashlight photograph 
of a crowd of people that many of the people a])parently 
have their eyes closed. This is another reflex act. When 
your eyes are suddenly illuminated with a glare of light, 
you always wink. The action is involuntary; it will occur 
in spite of your efforts to prevent it. Let us take another 
example of a reflex act. Suppose that you accidentally 
touch a hot stove. Immediately your hand will be jerked 
away. This happens before you feel the pain. The impulse 
travels from the pain-sensitive organs in the skin to the 
spinal cord and then right back to the correct muscles 
that pull your hand away. You have no control over this, 
because the message goes to the muscles before you are 
conscious of the pain. 
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Ficis. S7A and B. Yawning and sneezing are both reflex acts. Sneezing 
is a response to irritation of the nasal i>assages. Scientists are not sure 
why it is that we yawn when we are tired. (Kaufman and Fabry 
photos) 

A reflex act is not learned; it is an inherited type of 
response. It is a purely meclianical response; that is, it is 
like a machine in its action. If the lever of the machine is 
pulled, a certain thing happens. This certain thing always 
happens when the lever is pulled. A reflex, like a macliine, 
is s(^t in operation whenever there is tlie proper stimulus. 

From what you have already learned about reflex 
actions, you can see that they go on without the thinking 
part of the brain. In the spinal coitI and in the lower parts 
of the brain {inednlla and cerebellum in Figure 14 ) are a 
number of reflex centers. Messages come to these centers 
from sense organs and are immediately sent out to a 
muscle or a gland that does something in response to the 
message, hater messages often go to the sensory area and 
association area to tell us what lias happened. 

A very large part of animal behavior can be explained 
by reflexes. A stimulus acts upon some part of the animal, 
and there is an immediate response. This response often 
acts as a stimulus to set off another response, and this in 
turn sets off another response. The entire behavior is thus 
purely automatic. The animal does not know why it is 
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Fi(i. 38. Have you ever seen the hair on a clog’s back stand up when 
it saw a cat? Sometimes your own hair feels as if it were standing up 
when you are frightened. This is a reflex act. 

behaving in the way that it does, and it has no control 
over what is happening. 

Much of the control of our own bodies as well as that 
of animals’ bodies is managed by reflex actions. For ex- 
ample, swallowing food is a reflex act- The food first 
reaches the top of the esophagus, and the upper ring of 
muscles contracts and pushes the food down into the 
tube. Then these muscles relax, and a new set of muscles 
above the food contract and drive the food down still 
further. We arc not conscious of this and have no control 
over it. Once the sc^ries of reflex acts starts, they keep on 
until the food is in the stomach. Other activities con- 
trolled by reflexes are breathing, the rate of heart beat, 
coughing, sneezing, secretion of digestive juices, sweating, 
and regulation of body temperature. Without reflex 
actions we would probably forget to do some of the things 
that keep us alive. And if we had to remember, we would 
have no time for other activities. 

Curiously enough, the reflex acts of animals can be used 
for teaching them tricks. To understand how this is done, 
you will need to know about an experiment performed 
by a great Russian scientist named Ivan Pavlov. Did 
you ever hear someone say, "‘My mouth waters”? When 

47 



48 SCIENCE PROBLEMS, BOOK THREE 

you are hungry, the sigJil of food acts as a stimulus to 
start tlie salivary glands ])ouring saliva into your moiitli. 
This same thing ha])pens in a dog. The sight or smell of 
meat will start the flow of saliva.. Pavlov showed meat to 
a dog and at the same t ime rang a bell. He did this many 
times, and finally lu' found thal saliva would flow in 

res])onse to the ringing of the 
bell alone. This is something, 
of course, that would not or- 
dinarily happen. 

Now let us see if we can 
explain this. First of all, we 
have the stiniuhis — the sight 
of food- - which brings forth 
the response — the flow of sal- 
iva. Now when the food is 
shown and the bell is rung 
at the same time, the two 
stimuli are connected or asso- 
ciated with the same re- 
sponse. Finally the response' 
becomes associated with the 
ringing of the bell as well as 
with the sight of food. So the 
ringing of the bell acts as a 
stimulus to the flow of saliva. 
This kind of response is called a conditioned reflex. A new 
stimulus, in this case the bell, has been connected with 
an old response — the flow of saliva. 

Animal trainers use the conditioned reflex to teach 
animals how to do tricks. For example, if a piece of meat 
is held in the hand, a dog will stand up and try to get it. 
If at the same time the trainer says, ‘‘Stand up,’’ the 



Fi(^. 39. Teaching a dog to 
bark for his food is a good ex- 
ample of both conditioned re- 
flex and association of ideas. 
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command will become associated with the act of standing 
up in the same way that the bell became associated with 
the flow of saliva. Finally it is only necessary to say 
‘‘Stand up/’ and the dog will respond. Many of the things 
an animal does when it seems to be thinking can be ex- 
plained by conditioned reflexes. Since the animal now 
responds differently, we may say that it has learned. 
A great deal of animal learning of this kind takes place 
in the everyday life of the animal as it grows from infancy 
to adulthood, and even all during its life. 


Self-Testing Exercises 

1. What is the (Hffereiice between a voluntary act and an 
involuntaiy act? 

What is a reflex act? List some of your own reflexes. 

3. Why are reflex acts of value to man? 

4. Explain how an animal may learn by a conditioned reflex. 

5. What is the difference between a reflex act and trial-and- 
error behavior? 

Problems to Solve 

1. Suppose that every time you spoke to your dog, you 
slapped him. What would happen? 

2. Suppose that every time your dog jumped up on a chair 
or table, you slapped him. What would happen? 

3. When horse-drawn fire-engines were replaced by motor- 
driven engines, the horses were often sold to farmers. Suppose 
that a farmer drove such a horse to town, and the fire bell 
began to ring. What do you think the horse would do? Explain. 

4. Have someone stand near a window and face the light. 
Cover one of his eyes with some dark object. Then uncover the 
eye and notice the change in the size of the pupil of the eye. 
Have the person look at something far away and then at some- 
thing near. How does the size of the pupil change? What type 
of behavior is this change in the eye? 



Fig. 40. This kitten is acting instinctively when it tries to capture 
the white mouse. Some animal mothers seem to teach their young 
how to capture food, but the young would instinctively get food 
exactly as their parents did, even without such teaching. By trial 
and error, as they grew older, they would become better hunters. 

W HAT IS INSTINCTIVE BEHAVIOR? When you sec the 
marvelous nests built by insects or the beautiful 
honeycombs made by bees, you may well wonder how 
these animals learned to build in such a fashion. Curiously 
enough, all insects of the same species build exactly alike. 
They build the same kind of nest and use the same kinds 
of materials as their parents did. Even when they are 
hatched from eggs and kept separated from others of the 
same species, they build exactly the same kind of nest. 
They have never seen a nest; no one teaches them how to 
build a nest. Still, they build nests just like the ones their 
parents built. Behavior of this kind is called instinctive 
behavior y or distinct. It is a kind of behavior that the 
animal inherits from its parents. It does not have to be 
learned during the lifetime of the animal. Scientists do 
not know how this takes place. They simply know that 
it does take place. It is unlearned behavior. 

Let us examine a type of instinctive behavior shown 
by the digger wasp. When this wasp is ready to lay its 
eggs, it starts looking for a caterpillar. When a caterpillar 
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Ficj. 41. A digger wasp dragging another insect, much larger than 
itself, toward its burrow (L. W. Brownell photo) 

is found, the wasp pounces upon it and stings it. The 
poison from the sting paralyzes the c^aterpillar so that it 
cannot move. The wasp then digs a tunnel in the ground 
and stores the caterpillar at the bottom of it. She then 
lays eggs in the body of the caterpillar and fills the tunnel 
with dirt. In this way a supply of food is provided for the 
young wasps when they hatch. 

Charles Ferton, a French scientist, tried an experiment 
with the wasp. While the wiusp was filling the tunnel 
with dirt, he placed another paralyzed caterpillar close 
by. When the wasp finished the tunnel, she found this 
caterpillar. This acted as a stimulus to dig again; so she 
immediately began to reopen the tunnel. When she got 
down to the bottom of the tunnel, she found the cater- 
pillar that she had buried. The sight of this caterpillar 
set off the response of egg-laying again, although there 
were no more eggs to lay. Then she filled up the tunnel, 
and once again she saw the caterpillar near the entrance. 
She immediately began to reopen the tunnel again. She 
kept up this same series of activities as long as slie was 
observed. 

You would not call the behavior of the digger wasp very 
intelligent, would you.^ As a matter of fact, the whole 
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process was instinctive. There was no intelligence in- 
volved in the performance of the act. The entire response 
was a series of acts, each act in the series setting off the 
next act. Actiiallv, it w<as a chain of reflex acts such as was 



mentioned on page46, and 
each act was inherited. 
The wasp inherited this 
instinctive response. It 
had no idea what it was 
doing. It did not think out 
the idea of placing cater- 
jiillars in the nest for its 
young. It had no idea of 
the result of all that it 
was doing. It did not 
even know that it was 
providing food for its 
young. Behavior like this 
is not learned by the 
animal. It is inherited 


K Hi. 4*2. Find out how and why bees fTOltl its parents. 

“swarm” like this. Swarming is an Instinctive acts are in- 
interesting example of instinctive herited in the same way 
behavior. (L. W. Brownell photo) 

in this way: A reflex act is a response to a particular 
stimulus. The response may be the contraction of a certain 
muscle or the production of a juice by a gland. An instinct 
is a response to some general situation to which the whole 
animal responds, not just some particular muscle or 
gland. The respon.se includes a whole series of reflex acts. 

Insects are not the only animals that inherit instincts. 
Birds build certain kinds of nests because of the instincts 
that they inherit. Spiders spin certain kinds of webs. 
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Salmon migrate from the ocean to the river in which they 
were hatched to lay their eggs. Birds migrate in autumn 
and spring. Much of the behavior of lower animals is 
instinctive behavior. Even some of tlu' behavi<ir of man is 
thought to be instinctive. ' 

In lower animals, .such as the in- 
sects, instinc'tive behavior cannot 
be changed. The animal cannot sub- 
stitute a new method of behavior 
for instinctive behavior. In .soim^ of 
I he higher animals instinctive be- 
havior can be changed to some ex- 
tent. The animal can be made to 
respond in a new way. An animal 
that inherits an automatic kind of 
behavior, such as an instinct, profits 
greatly from it in some ways. The 
animal can do nearly all the things 
it needs to do without learning to 
do them. When you think of the 
manv hours vou spent in learning kinds of 

to spell and to do arithmetic prob- jj ^^^e brown- 

lerns, you can see how fine it would tail moths on an electric 
be if you were to inherit the ability 

to do these things. Then you could spend your time playing 
ball or doing many other things that you do not heave time 
for now. 


There is, liowever, another side of the story. Animals 
that inlierit most of their behavior ready-made cannot 
learn to behave intelligently. They cannot think or plan 
things. If they find themselves in an unfamiliar situation, 
they cannot change their behavior to fit the situation. To 
be. able to behave intelligently, an animal needs a complex 


54 


SCIENCE PROBt.EMS, BOOK THREE 


nervous system. That is, it needs a nervous system with 
sense organs that respond to stimuli and thus let the 
animal know what is going on around it. The animal 
also needs nerves to carry impulses and association areas 
in the brain to make the impulses mean something. These 
lower animals cannot behave intelligently because they 
do not have these parts in their nervous systems. They 
are, therefore, fortunate that they have inherited instincts 
to do practically everything that they need to do to get 
along in life. 

In Science Problems, Book 1, you studied a problem, 
“How do social animals help each other?” In this problem 
you saw how insects divided up the work among the 
members of the colony. You can see now that this was 
just instinctive behavior. The insects had no idea what 
they were doing. They inherited this kind of behavior 
from their parents. 

Self -Testing Exercises 

1. What are the characteristics of instinctive behavior? 

2. Explain how an instinct may be a series of reflex acts. 
Would this explain the behavior of the digger wasp? How? 

3. How are instincts of value to animals? 

4. Why is an animal whose behavior is practically all instinc- 
tive less able to adapt itself to its environment? 

5. How do we know that the social behavior of insects is 
instinctive behavior? 

Problems to Solve 

1. Make a list of kinds of instinctive behavior that are found 
in animals. 

2. Try to think of some kind of instinctive behavior that 
might cause the death of an animal. 

3. Would you call the hibernation of bears an instinctive 
response? Why? 
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H ow IS MEMORY USED IN BEHAVIOR? YoU have SCeu 
that some behavior is just trial and error. After long 
practice the animal finally learns to avoid doing useless 
things and to make correct responses. This raises a ques- 
tion: Can an animal learn 
to make a correct response 
without going through a 
long period in which he 
makes many useless and in- 
correct responses? To help 
answer this question, read 
about this experiment that 
scientists carried on with 
bees. 

First of all, the scientists 
wondered whether or not a 
bee could tell one color from 
another and whether it could 
learn to select a certain 
color among different colors. 

When scientists experiment 
with animals, they usually 
work out a, system by which 
the animal is rewarded when 
it does what they want it to do. It is either not rewarded 
or is punished when it does what they do not want it 
to do. You do this, too, when you are teaching your dog 
a trick. You give him a piece of food or pat his head when 
he does what you want him to do. 

And now back to the experiment. The scientists placed 
several glass dishes on some colored cards. They poured 
sugar water in the dish over one card - say the yellow 
card. They poured plain water in the dishes over the 



Fig. 44. When this trained sea 
lion sees the ball, the platform, 
and his trainer, he remembers 
what he has been taught to do. 
(Courtesy Ringling Bros.-Bar- 
num & Bailey Circus) 
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other colored cards. They placed these dishes near a 
beehive. Then they watched to see what would happen. 
Soon a bee came “buzzing along.’’ It saw the dishes of 
water and stopped to investigate. It sampled the water 
in one dish, apparently did not like it, and then tried 
another dish. After trying the water in several dishes, it 
finally reached the one with the sugar water. Then it 
stopped and began to feed. While the bee was feeding, it 
was marked with a little paint so that it could be recog- 
nized again. 

When the bee got all the food it wanted, it flew into 
the hive. What would it do when it came back to feed 
again? Would it find the sugar water by trial and error, 
or would it remember that the dish of sugar water was 
over the yellow card? Other bees came, behaved like the 
first bee, and then left. Each bee that tried the sugar 
water was marked. Finally a bee came along, circled 
rather uncertainly over the dishes, and then flew down 
to the dish over the yellow card. Sure enough, this bee 
had a little spot of paint on it! 

Was it just an accident, or had the bee really learned 
that the sugar water was over the yellow card? One way 
to be sure would be to change the dishes around and put 
the sugar water over a card of a different color. If, then, 
the bee returned and still went to the dish over the yellow 
card, one could be certain that the bee was responding 
to the color of the card and had really learned his lesson. 
So this was tried; and when the bee returned, it still flew 
to the dish over the yellow card, even though there was 
no sugar water in it. Of course, this experiment was tried 
with more than one bee; hundreds of bees were used. 

What does this experiment tell us about the behavior 
of bees? First of all, it shows that bees can distinguish a 



.PTC!. '*.'3. xnis little terrier tias neen traineci to toiiow ms iiiasrer into 
the water in a perfect dive. TSTotice that he has waited until he can 
follow his master. (Photo by Zella anti Howard Hutchins) 


certain color. Second, it shows Hiat bees can learn. When 
the bee first visited tlic dishes, it sampled the water until 
it found the water that had sugar in it. It learned that 
this dish was over a yellow card. Thereafter, when it 
returned to feed, it picked the dish over the yellow card. 
To do this, the bee must have remembered which color 
was under the water that it liked. 

But you must not get the ide^i that the bee said to him- 
self, “Now let me see. What color is under the dish of 
sugar water? Oh, yes, I remember, yellow.” This is what 
you or I might do, but the bee does not have a brain that 
])ermits it to think like this. It is hard to describe just 
what “memory” is. When a living thing has an experience, 
somehow or other the experience does something to the 
I)rotoplasm. It leaves some sort of impression upon the 
protoplasm, and this impression remains. Later on, when 
the same experience is repeated, the living thing l)ehaves 
on the basis of its previous experience. For example, when 
y'ou eat something that you do not like, you remember 
that it was distasteful to you; and the next time it is 
offered to you, you refuse it. 

You have probably heard the saying, “One learns from 
experience.” This is a true saying. Almost all animals can 

57 






Fig. 46. Try to find someone who trains horses, dogs, or other animals 
and have him tell you how he trains them and what he knows about 
how animals learn. (Acme photo) 

learn something from experience; that is, they can learn 
to change their behavior because of their memory of some 
former experience. You can see that at first the animaFs 
behavior is trial and error. The bee tried dish after dish 
until it came to the one with the sugar water over the 
yellow card. But from then on its behavior was no longer 
trial-and-error. Somehow or other it remembered that the 
sugar water was over the yellow card. After it first made a 
correct response, it continued to make a correct response 
every time. 

Some time ago there was a horse in Germany that was 
said to be able to add and multiply. By pawing with its 
hoof, the horse gave the correct numbers. But when 
scientists carried on some tests, they found that the horse 
could respond correctly only when he could see the trainer. 
If the trainer was placed behind a screen, so that the horse 
could hear but not see him, it could not add. The scien- 
tists found that the trainer made very slight movements 
which were used by the horse as a guide to the correct 
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number. This is a case of learning by associating a certain 
sign with a certain response. When you put on your coat, 
your dog will jump with delight. He associates this act 
of yours with being taken out-of-doors. A great deal of 
the behavior of animals can be explained on the basis 
of memory. 

You have already seen how your own responses are 
based on the memory of your previous experiences. One of 
the reasons human beings are more intelligent than ani- 
mals is that they can analyze, or break up, a situation 
into many single events and remember them. In other 
words, experiences mean more to human beings than they 
do to other animals. 

Self-Testing Exercises 

1. What does the word association mean? 

2. Below you will find several words listed. For each word 
in the list write down the first word you associate with it. 
See if you can figure out why each word listed reminded you of 
the word that immediately came to your mind. 

school elephant dance knife hook 

science snow boat girl boy 

3. How did the scientists arrange their experiment so that 
they could be certain the bees remembered the yellow color? 

Problems to Solve 

1. Tell of an experience of your own in which memory 
played an important part in your behavior. 

2. How does a dog know that a person outside a door is a 
stranger, even if the dog cannot see him? 

3. What method of recognizing people do dogs use? 

4. When you learn a poem, what method of learning do you 
use? 

5. Find out different methods that may be used to help you 
remember better. 



47. This picture shows how plants can respond to the stnnuliis 
of light. They are all cone-flower plants grown in the same kind of 
soil. The plants at the left had continuous light day and night. The 
second plant had alternate hours of darkness and light. The third had 
alternate light and darkness every \5 minutes. The fourth plant had 
alternate periods of hours of darkness and 12 hours of light while 
it was growing. (U. S. Bureau of Plant Industry) 

Problem 3: 

HOW DO PLANTS BEHAVE? 

O N YOUR way home from school stop and look at some 
tree. Its roots grow deep in the ground and spread 
out in all directions to anchor it firmly in its place. Its 
solid trunk pushes its way up in the air. It seems to move 
only when it is blown by the wind. You would hardly 
believe that the tree could behave, but it, too, can and 
does respond to its environment. Perhaps you wonder 
what a tree can do. It cannot see, hear, or smell. It has 
neither brain nor nerves. It has no muscles to move itself 
or parts of its body. Yet parts of the tree do move and 
respond to changes that take place in its surroundings. 

T o WHAT KINDS OF STIMULI DO PLANTS RKSPOND? Have 
you ever planted seeds in a garden? If you have, you 
know that you can drop them into the soil in any position. 
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When the seeds germinate, the roots always grow down 
and the stems always grow up, regardless of the position 
of the seed. This is an interesting example of behavior. 
It seems that the root and stem must be responding to 
some stimulus. Perhaps you have guessed what this stim- 
ulus is. If you guessed that it is gravity, you are correct. 

Nobody knows why gravity acts as a stimulus to plants. 
We do know that roots always grow down and that stems 
always grow up. We know, too, that the behavior of 
living things is always a response to some stimulus. The 
only stimulus that could account for the direction of 
growth of roots and stems is gravity. Before we accept 
this as the true explanation, let us try an experiment. 

Experiment 1 . Can Gravity Change the Direction of Growth of 
the Stem and Root of a Plant? (a) Grow a healthy seedling to a 
height of four or five inches in a flower pot. Run a knife around 
the edge of the pot so that the soil will not stick to the sides. 
Then remove plant and soil from the pot. Insert the stem 
through the drain hole of a large flower pot and fill the pot with 
rich soil. Suspend the pot and watch the growth of the stem. 
What happens? Make a drawing. 

h) After the stem has grown upside down for a week, invert 
the pot, placing a board over the mouth of the pot to keep in 
the soil. Observe what happens during another week. Then 
remove the plant from the pot and examine the root. Make a 
drawing of the plant, showing what has happened to the stem 
and the root. 

This experiment supplies more evidence that gravity 
does affect the direction in which roots and stems grow. 
Somehow or other it acts as a stimulus to the plant and 
affects the behavior of the root and stem. 

Now let us arrange another experiment to observe the 
behavior of plant roots. You know that plants must get 
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food and water from the soil. Suppose we try to find out 
if the roots of plants can find the places in the soil that 
are the richest in food materials and water. 



Fig. 48. This stem grew straight out for 
awhile; then, under the stimulus of 
gravity, it turned upward. 


Experiment 2. How Do Food Materials and Water in the 
Soil Act As Stimuli to Roots? (a) Obtain a box or a large flower 
pot. Place a cardboard vertically in the center of the pot. Fill 

the pot on one side of the 
cardboard with rich soil 
and on the other side 
with sand. Take out the 
cardboard carefully and 
plant some soaked bean 
or pea seeds in the middle 
of the pot. Also plant a 
few of these seeds in the 
sand and a few in the rich 
soil. After the young 
plants have reached a 
height of two or three 
inches, examine the roots of the plants. What do you find? 

h) Obtain a flower pot and plug the drain hole tightly with 
a rubber stopper or with a cork stopper and sealing wax. 
Place the flower pot in the middle of a box about two feet 
square. Fill the box around the pot with earth, and plant seeds 
at various points in the box. Have the earth reasonably moist 
when the seeds are placed in the soil. (It is usually a good plan 
to soak the seeds overnight before planting.) Pour water into 
the flower pot. Water can then enter the soil by passing 
through the porous walls of the pot. After the plants havf 
grown to a height of several inches, examine the roots. What 
direction do they take? Do all of the roots grow in the same 
direction? If not, explain the difference in direction. 

The experiment shows you that roots do grow toward 
the parts of the soil that provide the most abundant 
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food materials and water. We understand enough about 
behavior to know that the roots are acting in a purely 
automatic fashion. The food materials and water some- 
how or other act as stimuli to the roots. They respond by 
growing in that direction. 

The response of roots to water sometimes causes us 
trouble. Tile pipes are 
usually used to carry 
away the waste water 
from houses. Some of 
the water may escape 
from the joints where 
two tiles meet. Roots in 
the vicinity of the tile 
will grow toward th<' 
leak. Often they actuallj^ 
push their way through Pkj. 40. All the light was shut off 



the joint and enter the 
tile. The growth of the 
roots may completely fill 


from one side of this plant. Notice 
how it grew in the direction from 
which the light came. 


the tile and stop the flow of water. Then the tile must be 


dug up and the roots removed. Now let us see how plants 


respond to light. 


Experiment 3. How Do Green Plants Respond to Idght? 
(a) Plant radish seeds in a pot or pan. When the plants have 
grown to a height of one inch or more, place the pot in a tight 
box that has a hole about two inches in diameter on one side. 
Keep the box in a light room. After two or three days remove 
the pot and notice the position of the stems in relation to the 
hole. 

h) Now place the pot in a south window where it may receive 
sunlight, and turn the pot so that the stems will point away 
from the window. Observe any changes that take place. 
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c) Obtain a young sunflower plant or sweet clover plant. 
Put it in a south window. Notice the po.sition of the stem and 
the crown of leaves early in the morning of a sunny day. Just 
before .sundown again ob.serve the plant. What changes, if 



flower»s were nhaded by 
weeds. Notice how they 
have all turned their blos- 


soms toward the liglit. 
(L. W, Brownell photo) 


any, take place? 

Thc.se experiments show that 
plants nvspond to light. Not only 
(loe^s the leaf turn .so that iis broad 
.surface is facing the light, but, a.s 
you saAv in [)art a of tlic e.xperi- 
ment, the whole plant may grow 
toward tlie light. This response of 
leaves to light can he seen if you 
will look at some vines growing 
on the walls of a building. The 
leaves are arranged in such a way 
that they do not overshadow one 
another. 

Many flowers re.spond to light 
also. You can see this for your- 
.self if tliere are any sunflowers 
in your vicinity. Each young sun- 
flower twists on its stalk, and its 
face follows the sun in its journey 
across the sky. There is still an- 
other way in which plants respond 
to light. In the evening, wlien 
darkness comes, flowers such as 


the crocus, gentian, and water-lily dose. Some flowers, 


such as the evening primrose and night-flowering catch- 
fly, open as night comes. So you see that the re.sponse 
of flowers to light is different in different plants. Some 
flowers make no response at all. 


Fig. 51. How the sensitive plant responds to the stimulus of touch 

Perhaps you are curious as to why light or the absence 
of light acts as a stimulus to some plants and not to 
others. Nobody knows the answer. Did you ever notice 
what happens to the leaves of the white-clover plant at 
night? They droop down and fold together when night 
comes; then they straighten up and spread out again 
when daylight comes. Scientists call the movements of 
flowers and leaves at night sleep inovements. Of course, 
the plants are not really sleeping in the sense that we 
think of going to sleep. The opening and closing of flowers 
and the folding and spreading of leaves are responses to 
the stimulus of light. In some plants sleep movements 
are caused by another stimulus, namely, the lowering of 
the temperature after the sun goes down. 

Curiously enough, some plants respond to touch, as 
Figure 51 shows and as you can see for yourself. 

Experiment 4. How Do Sensitive Plants Respond? Obtain a 
sensitive plant {Mimosa pudicd). This can be bought from a 
greenhouse or can easily be grown from seeds available at any 
seed house. Stroke a leaf lightly with your finger. What hap- 
pens? Pinch the end leaflet of the plant. What happens? Does 
the motion follow slowly or quickly? Do the leaves regain their 
normal position again? Will the leaves respond a second time? 

65 


Fig. 52. This Venus’s-flytrap is Fig. 53. A fly has wandered on to 
waiting for its prey, with its leaf the leaf, and the leaf has closed, 
open. (Hugh Spencer photo) (Hugh Spencer photo) 

Venus’s-flytrap is another plant that responds to the 
/stimulus of touch. The leaves are hinged in the middle, 
and there are bristles on the edges. When an insect touches 
a leaf, the halves close quickly together, and the insect 
is trapped. Digestive juices are then poured out from the 
leaf, and the insect is digested. Then the halves of the 
leaf open again, and the plant waits for another victim. 
You have now seen that plants respond to the stimuli of 
gravity, food materials, water, light, temperature, and 
touch. Many other examples could be given. 

W HAT IS THE NATURE OF PUANT RESPONSES? NoW think 
about the responses of plants that you have ob- 
served so that you can see more clearly just what kinds 
of responses are made. In Experiment 1, page 61, you 
found that the roots of plants grow down, and the stems 
grow up. If the position of the plant is changed, the roots 
and stems change their position, too. No matter what way 
the plant is turned, the roots will always grow down, and 
the stems will grow up. In other words, the response made 
by plants to the stimulus of gravity is always the same. 
You found that this was also true of the response of the 
plant to light. The leaves always turned toward the light. 
If the plant was turned, the leaves turned, too. These 
responses of plants to stimuli are called iropisms, 
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Let us see more clearly what a tropism is. In the first 
place, plants have no brains, nor do they have nerves of 
any kind. The first characteristic of this type of response 
is that it can be made by an organism that has no ner- 
vous system. It is thus a very simple kind of response. 
In fact, it is the simplest kind of response that can be 
made. Or we may say that it is a very simple kind of 
behavior. In Experiments 1, 2, and 3 you saw that some 
part of the plant turned in response to the stimulus. 
Roo ts turn ed rin wn. grew toward wate r, and grew tow ard 
f ood materials . This is the second characteristic of a tro- 
p ism . It is a turning toward or away from some stimulus. 

In the third place, the plant does not have to learn how 
to turn. It inherits this ability from preceding generations 
of plants. A tropism is thus an inherited response; it does 
not need to be learned. 

You saw that the plant or part of the plant always 
responds in the same way to the same stimulus. Roots 
respond to gravity by growing down, while stems respond 
to gravity by growing up. The fourth characteristic of a 
tropism, then, is that the plant or part of the plant always 
makes exactly the same kind of response. Its behavior is 
purely automatic. 

Now let us go back to the tree we first talked about. 
Think of all that happened to make the tree grow the way 
it did. The roots grew down in response to gravity and 
then spread out through the soil in response to the stimuli 
of the food materials and water in the soil. The stem 
grew up in the air — a negative response to gravity. The 
leaves turned upon their stems in such a way as to get the 
greatest amount of light. The leaves drop in the fall and 
thus prevent the tree from losing water by evaporation 
through the leaves. This is necessary in the winter when 



Fig. 54. The way these rhodo(len<lron leaves respond to tem})erature 
makes them almost as good as a thermometer. The leaves at the left 
were photographed when the temperature was above 32 degrees, 
those in the middle when the temperature was between 20 and 30 
degrees, and those at the right when the temperature was below 20 
degrees. (Photos by Herbert Wisner from The Science Ohmrer) 

the tree cannot get water from the soil When the tem- 
perature rises in the spring and moisture becomes abund- 
ant, the buds swell, and new stems, leaves, and flowers 
are produced. 

This behavior of the entire tree, as well as of its differ- 
ent parts, fits the tree to live in the surroundings in which 
it is found. Other plants behave in much the same way 
as the tree. They are not intelligent, but their responses 
to the stimuli of their environment do enable them to 
make the most of their surroundings. 

Self-Testing Exercises 

1. To what kind of stimuli do plants respond? 

2. Explain what a tropism is. 

3. Ex})lain how tropisms help a plant adapt itself to its 
environment. 

Problems to Solve 

1. Read pages 60 to 68 again to find examples of the be- 
havior of plants. 

2. Think of some ways in which we make use of our knowl- 
edge of tropisms. 
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LOOKING BACK AT UNIT 1 

1. The following statements review your understanding of 
the behavior of living things. Copy the statements in your 
note-book. Write a “C’’ in front of each statement that you 
know is correct. Write a "‘W” if you think the statement is 
wrong. 

fi) The word behavior is a name for all activities of living things. 

h) Only human beings can behave. 

c) Breathing is a method of behavior. 

d) Plants can behave. 

e) All animals can orofit from the experiences that they have 
had. 

/) The behavior of some animals is purely mechanical. 

g) A horse can be taught to add numbers. 

h) Some animals inherit the ability to carry on certain types of 
activities. 

i) Some activities can be learned so that they can be performed 
without thinking about them. 

j) The behavior of an animal depends upon the complexity 
of its nervous system. 

k) Very young children cannot reason. 

l) Man differs from other animals in that he can think better. 

2. Copy the headings of each of the sub-problems in the unit. 
For example, the first sub-problem heading, found on page 9, 
is, ‘‘How do you know what is going on inside your body and 
around you.^” Write in a few sentences the answer to each 
sub-problem of the unit. 

3. Show in some way that you understand what each of the 
following words means: 

association behavior reflex act 

association area cerebrnm response 

avoiding reaction habit sensory area 

instinctive behavior impulse stimulus 

involuntary action motor area thinking 

conditioned reflex reaction time tropism 
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ADDITIONAL EXERCISES 

1. If you have ever had experience in teaching tricks to an 
animal, describe the methods you used. 

2. If you are asleep and your hand is touched with a hot 
iron, will you jerk your hand away? Explain your action. 

3. Prepare a report on ‘‘The Instinctive Behavior of Social 
Insects.’’ 

4. Why is it possible for a person to walk in his sleep? 

5. If you have a young brother or sister, give him a pencil 
and paper. Watch the way he holds the pencil while making 
marks. Report his behavior to the class. 

6. If a live frog is available, press it on both sides just 
behind and slightly under the forelegs. If a certain spot is 
touched, the frog will croak. This is an example of a reflex. 

7. Obtain some live caterpillars. When they are feeding on 
leaves, place a small piece of paper or tinfoil on a leaf that is 
being eaten. What happens? Let the caterpillar continue eat- 
ing, and again try your experiment. Repeat it many times. 
Does the caterpillar learn not to bite the paper? 

8. Find out more about Ivan Pavlov’s experiments with dogs. 

9. Watch your dog or any other pet you may have. What 
responses does it make that are apparently instinctive? 

10. In reference books read about Yerkes’s experiments with 
earthworms to determine whether they can learn by experience . 

11. Suspend a piece of meat by a string so that the meat is 
higher than your dog can jump. Place a box almost underneath 
the meat. Does the dog learn to use the box? If so, how does 
he go about it? 

12. Try to learn to write your name with your left hand. You 
might also try learning to write your name backward. Record 
the time required to write your name for each attempt. Explain 
why this is an example of trial-and-error behavior. 

13. If you want to know more about the structure of the 
nervous system, read The Workshop of the Mind, by Hallam 
Hawksworth. 



Fi(^. 55. In the warm, shallow waters near Bermuda you may descend 
twenty or .so feet in a diving helmet and find yourself in a fascinating 
undersea garden like the one in thi.s photograph. But thi.s garden is 
filled with animals—not plants. There are pink or orange sea- 
anemones, purple sea whips, and red and pink corals. All these ani- 
mals are called coelenteratcs, lliis is just one of the many groups of 
animals. In this unit you will learn some of the large groups into 
which animals and plants are classified and some of the main char- 
acteri.stics of each group. (Mechanical Improvements dorp, photo) 


UNIT TWO 


UNIT 2 

HOW DO SCIENTISTS CLASSIFY 
LIVING THINGS? 


INTRODUCTORY EXERCISES 

*1. (a) From what you have already learned in your 
science study, tell what you know about how the bodies 
of living things are put together. Also tell what the bodies 
of plants and animals are made of. (b) In what ways are all 
living things alike? 

*2. What kinds of one-celled plants and animals do you 
know about? 

3. How many different kinds of animals do you know? 
Make a list of them. 

4. How many different kinds of plants do you know? 
Make a list of them. 

5. You probably know the names of many of the birds 
and trees that you see. How do you identify a bird or a 
tree; that is, how are you able to tell what kind of bird 
or tree it is? 

6. How does classifying living things make it easier to 
learn about them? 

7. In what ways is a snake different from a fish? In what 
ways are these two animals alike? 

8. Suppose that you have the seeds of a hundred differ- 
ent kinds of plants. What characteristics could you use to 
divide the seeds into different groups? After you have 
thought out a plan for dividing the seeds into different 
groups, try to think of a way to divide each of these groups 
into smaller groups. 
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Kio. o6. One ambitious hit'll school has organized a Biology- 1 axi- 
dermy Club. This picture shows a part of their increasing collection 
of stuffed and mounted animals. Can you identify the pelicans, 
golden eagle, duck, gull, squirrel, armadillo, skunk, alligator, and 
fish? How do you tell these animals apart? The members of this club 
know a great deal about the structure of different animals. After you 
have studied this unit you, too, will know more about the vast 
animal and plant world. (Photo by (liles Studio) 

LOOKING AHEAD TO UNIT 2 

W HEN YOU read tlie iiile of this unit, ‘‘How Ho 
Scientists Classify Living Things?” you probably 
wondered what it was about. Perhaps you thought, “Here 
is another one of those strange things that scientists do. 
But classifying plants and animals is not a strange thing 
to do at all. You have been classifying things all your life. 

Suppose that you say to me, ‘T just saw an animal on 
a plant eating another animal.” I would not have a very 
clear idea of what you saw. I might imagine that you 
saw a black-snake on an oak tree eating a young robin, 
or that you saw a sparrow on a morning-glory vine eating 
a caterpillar, I could think of many things that you 
might have .seen. But if you tell me that you saw a bird 
on a tree eating an insect, I have a pretty definite idea 
of what you saw. 
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Fig. 57. A gardener might say that he had used low-growing roses 
as border plants. He might also speak of the roses, the delphiniums, and 
the shrubbery as perennials^ and of the hollyhocks as biennials. 

When you tell me the names of the groups to which the 
animals and the plant belong, instantly I have a picture 
of what you saw. If the animal is a bird, I know that it 
has two legs, feathers, and two wings. If the animal it 
is eating is an insect, I know that it is eating a small 
animal with six legs, three main parts to its body, and 
a hard covering on part of its body. If the plant is a tree, 
I know that it is a tall plant with leaves, bark, trunk, and 
branches, and that it lives year after year. When you 
classify the animals and the plants as belonging to certain 
groups, you give me a general idea of what the animals 
and the plant are like. 

Classifying things, that is, putting together things that 
are alike in some ways, is an everyday activity. In the 
kitchen your mother puts all the cups together, all the 
plates together, all the glasses together, and so on. The 
storekeeper keeps his thread in one place, his silk goods 
in another place, his dresses in another place, and so on. 
Perhaps you have heard your father or mother talk about 
their garden. They speak of planting annuals, biennials, 
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shrubs, border plants, late-flowering plants, early-flower- 
ing plants, and so forth. The names stand for groups of 
plants, and people who know about gardening know what 
kinds of plants belong in each group. 

Why do we classify things? It is the only way we have of 
keeping things in order. If things are in order, we know 
where to find them. Furthermore, when we group together 
things that are alike, we can talk about things more easily 
because we can make up a name for each group. Scientists 
found out long ago that they could not talk with each 
other about the things they had learned, and they could 


not tell the world what they had discovered unless th ey 
had exact names for things. They 
needed to know exactly what each 
kind of living thing is, and they 
needed to have a name which 
means that living thing and 
nothing else. 

Does ragweed grow' where you 
live? If you think it doeb not, 
then answer this question : Where 
you live, do any of these plants 
grow — Roman wormwood, bit- 
ter-weed, wild tansy, hayweed, 
hog weed, carrotwood, and stam- 
mer-wort? If any of these plants 
grow where you live, then rag- 
weed grows there, too, because 
they are all names used for rag- 
weed in different parts of our 
country. 



Have you ever seen a flicker? ragweed have in your com- 
Perhaps you have; perhaps you munity? (Browndl photo) 


Fig. 59. Both of these animals are rallcrl “gophers” in different places. 
One is a striped gopher, or striped ground squirrel. The other is a 
gopher turtle. (Photos by R. W. Dawson and L. W. Brownell) 

have not. But if you have ever seen a golden-winged 
woodpecker, a high-hole, or a yellow hammer, you have 
seen a flicker. All these names stand for the same bird. 

Do you know what a gopher is? If you live in Minne- 
sota, you are probably saying to yourself, “Sure, I know 
what a gopher is. It is something like a squirrel, but it, 
lives in the ground. It is grayish-brown in color and 
scampers along the ground with its tail in the air.’’ Bui 
if you went to Florida, you would get the surprise of your 
life. Someone would say, “Let’s catch that gopher,” as 
he pointed toward an animal on the ground. First of all, 
you would know that it is pretty hard to catch a gopher 
by chasing it. Second, you would think that your friend 
was joking with you because he would be pointing at a 
land turtle. But land turtles are called gophers in Florida. 

Now you can see how mixed up things would be if 
scientists had not worked out some scheme for finding out 
about all the different kinds of plants and animals in the 
world and giving each kind a name of its own. And when 
you remember that there are at least a million different 
kinds of plants and animals, you can imagine what a job 
it has been to study, name, and classify all the living 
things on this earth of ours, 
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Over 2000 years ago men began trying to work out some 
scheme for naming and classifying living things. Many 
plans were tried out, but none of them worked very well. 
Some kind of plant or animal that did not fit into the 
scheme was always bobbing up. It was different in some 
way from all the other living things. Men were unable at 
first to work out a scheme of classifying plants and ani- 
mals because they did not know enough about them. 
They had not learned how to study living things as scien- 
tists study them today. 

About 200 years ago in the land of Sweden two young 
students met at the University of Upsala, near Stock- 
holm, These young men were Carl Linnaeus and Pehr 
Artedi. Carl had come to study medicine, and Pehr was 
studying to be a minister. They became very good friends. 
As they grew better acquainted, 

Carl learned that Pehr was greatly 
interested in chemistry and in fishes. 

Carl told Pehr that he liked to 
study birds and flowers. 

In their many talks about the 
wonders of nature these two young 
friends often discussed men’s efforts 
to name and classify the living things 
and the materials of the earth. Per- 
haps their talk went something like 
this: 

“Pehr, we really don’t know any- 
thing about the world we live in. All 
the time, right here in Sweden, I see 
plants and animals and rocks that I 
can’t name, and nobody else seems to 
know what they are. Yesterday, Pro- Fia. 60. ("arl Linnaeus 
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fessor Rudbeck told me about a trip he once took way up 
north to Lapland. He saw plants and animals that he had 
never seen before. He couldn’t find out what they were be- 
cause he couldn’t understand the language of the people.” 

“Yes,” Pehr may have answered, “I know, because my 
home is near Lapland. There must be plants and animals 
all over the world that nobody knows anything about. 
Perhaps they are like the ones we have here in Sweden. 
Perhaps they are different. Names don’t mean anything 
because no one person can understand all the languages. 
Furthermore, the names don’t mean much because they 
do not tell us what these living things really are. The 
names that they have just tell us what they look like, or 
where they grow, or when they blossom, or something 
like that.” 

From many such talks as these the two young students 
at last got a great idea — an idea so great that neither 
they nor any other two men could have carried it out in a 
lifetime. They decided to name and classify every living 
thing in the world. Carl was to take the birds and the 
flowers, while Pehr was to take the fishes, the amphibians, 
and the insects. 

These two friends studied and named thousands of 
plants and animals. Yet that was scarcely more than a 
beginning. However, it was a real beginning, and, what is 
more important, they worked out a plan for naming and 
classifying living things, and they invented a name-lan- 
guage. Both their plan and their name-language are under- 
stood and used by scientists and by educated people all 
over the world. Today a scientist in Russia, Sweden, 
China, India, or Japan can write to a scientist in any 
other country about a plant or an animal, and each 
scientist knows what the other is talking about. 




Fig. 61. A few examples of vertebrate and invertebrate animals 

Problem 1 : 

WHAT DO SCIENTISTS DO WHEN THEY CLASSIFY LIVING THINGS? 

B efore you begin to study the different groups of 
plants and animals, you should first see what scien- 
tists do when they classify living things. What was the 
scheme that Carl Linnaeus and Pehr Artedi worked out 
200 years ago? 

Study Figure 61 carefully. Look at each of the many 
different kinds of animals shown there. You can easily see 
that each animal has a different i)lan of structure; that is, 
each animal is built of different parts put together in 
different ways. Now the problem is to compare these ani- 
mals. We want to find how they are alike and how they 
are different so that we can separate them into different 
groups. Each group must include animals whose structure 
is alike in certain ways. Furthermore, the animals of each 
group must differ in some way from the animals in the 
other groups. 

Can you divide the animals in Figure 61 into two groups 
according to their structure? Probably not. The scientist, 
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however, has no difficulty in doing this because he knows 
how these animals are constructed. He would say that 
some of these animals have backbones, while others do 
not. He would put the starfish, the butterfly, and the cray- 
fish into one group. They are alike in one way: They 
have no backbones. He would put the snake, the frog, 
the fish, the bird, and the dog into another group. Each of 
these animals has a backbone. 

We have now done what we started out to do. We have 
divided the animals into groups, in this case, two groups. 
The animals in e<ach group have at least one characteristic 
of structure that is alike. Furthermore, the plan of struc- 
ture of the animals in one group is different from the plan 
of structure of the animals in the other group. One group 
of animals is called vertehrates because they have back- 
bones. The other group is called invertebrates because they 
have no backbones. Are you a vertebrate or an inverte- 
brate.^ 

But vertebrate and invertebrate are pretty big words, 
and they stand for tliousands of different kinds of animals. 
There are many kinds of vertebrates and many kinds of 
invertebrates. After all, the name vertebrate does not 
help us tell that a cat is different from a dog. We need 
some more group names to help us tell the different kinds 
of vertebrates and invertebrates. So the scientist divides 
the animals of these large groups into still smaller groups. 

To show how this is done, let us see how the scientist 
divides the animals with backbones into smaller groups. 
Figure 62 shows some common vertebrate animals. Can 
you separate these animals into groups, so that each 
group includes animals that are alike in certain ways and 
yet are different in certain ways from animals of the other 
groups.^ You will probably have no difficulty in seeing 






Fig. 62 . All of these animals are vertebrates; that is, each one of them 
has a backbone. 


that the fish all go into one group and the birds in another 
group. Fish have certain characteristics that other ani- 
mals do not have, and so do birds. 

The scientist puts the snake, the lizard, the alligator, 
and the turtle into another group, which he calls ref tiles. 
These animals do not look much alike, but you will dis- 
cover later that they have a like plan of structure — a jilan 
that is different from the plan of structure of other groups. 
He puts the frog, the salamander, and the toad into 
another group that he calls amphibians. The horse, the 
monkey, and the bear go into a fifth group, called mam- 
mals. Later on in this unit you will learn just how each of 
these groups is different from the other groups. 

Now let us select one of these groups and see what the 
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scientist does next. Look at Figure 63. At a glance you see 
that they are all birds. But the name bird is not enough. 
We use the name bird many, many times, but we also 
like to know what kind of bird it is that we see. So we 
next divide the birds into groups. 

Can you divide these birds in Figure 63 into different 
groups? You see now that you must pay more attention 
to small details of structure because all of the birds are 
somewhat alike. You must look at the shape of the beak, 
the shape and position of the toes, the presence or absence 
of a web between the toes, the length of the legs, and many 
other parts of the bird. If you examine the pictures care- 
fully, you may see why the scientists group these birds 
together: chicken and grouse, bluejay and sparrow, hawk 
and eagle, heron and stork, duck and goose. 

Now look at Figure 64. These are all birds belonging to 
one of the groups mentioned above. To tell these birds 
apart, you must examine more details of their structure 
tlmn you did before. You must consider the size of the 
bird, the color of the feathers on various parts of the 
body, and many other details. 



Fig. 64. .Vll these birds belong in the .same group as the chicken. 


You will see, as you go from Figure 61 to Figure 64, 
that the animals are more and more alike. It would be 
possible to divide the last group of birds into still smaller 
groups. For example, you could select the chicken and 
show many different kinds of chickens, as you well know 
if you live on a farm. From such a picture you could name 
each different kind of chicken. 

If you will look at Figure’ 65, you will see a diagram of 
what we have just described. You can see from this dia- 
gram how the scientist divides all animals into two groups, 
vertebrates and invertebrates. Then he divides the verte- 
brates into smaller groups. Each of these smaller groups 
is divided into still smaller groups. The scientist goes on 
dividing each group into still smaller and smaller groups 
until finally he is able to identify and name each particular 
animal. 

The diagram, of course, does not show the complete 
scheme of classification for all animals of the world. A com- 
plete scheme would show also the different groups of in- 
vertebrates, as well as of the vertebrates. Then, each of 
these groups of invertebrates and vertebrates would be 


83 


ANIMALS 


84 


SCIENCE PROBLEMS, BOOK THREE 



Fig. 65 . This diagram shows how animals are divided into smaller and smaller groups 
their structure. 
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divided into smaller and smaller groups, as is shown in 
the diagram with the birds. 

So far you have been reading about the classification 
of animals. Of course, plants, too, are classified. The same 
method of classification is used as with the animals. 
Different characteristics of structure are used as the basis 
of grouping and naming them. In the last problem of this 
unit you will learn how plants are classified. 

Now that you see the general scheme of classification, 
you will study some of the larger groups of animals and 
discover the characteristics of the animals that belong to 
these groups. In your science work this year, with all the 
other things you have to study, you of course cannot take 
time to learn about all the different groups of animals. 
So we have selected some of the groups of animals that 
you are most likely to see or hear about. In eaeh group we 
have chosen one or more animals to study. Other animals 
of the same group are not exactly like the kind of animal 
that was described, but they do have the same general 
plan of structure. 

When you learn the characteristics of the group as a 
whole, then you know that each animal in the group has 
these characteristics, too. You can see, therefore, that 
when you discover to what group an animal belongs, you 
know immediately many things about the general plan of 
structure of its body. 

Self-Testing Exercises 

1. Which one of the following characteristics is used by the 
scientist to classify animals into large groups? (a) Where the 
animal lives. (6) The appearance of the animal, (c) The struc- 
ture of the animal. Why is this characteristic used? 

2. Look at Figure 61. In what way are reptiles, amphib- 
ians, fish, birds, and mammals alike? 



3. From what you already 
know, explain how birds are 
different from all the other 
groups of animals. 

4. Explain fully what Fig- 
ure 65 shows. 

Problems to Solve 

1. Work out a plan of clas- 

, , . , . . sification for some group of 

the high power of a microscope • i* • i i .i u f 

(P.S. Tice photo) individuals: the members of 

your class, the trees near your 
home, or the plants in your garden. State clearly what char- 
acteristics you use for your plan of classification. 

2. How many examples of ways of classifying things can 
you name? Make a list, and after each example state what 
characteristic or characteristics are used to separate the differ- 
ent individuals into groups. For example, chinaware is the 
name of a group. How is chinaware classified? 

3. How many advantages can you find in the classification 
of things? 

Problem 2: 

WHAT ARE THE KINDS OF ANIMALS THAT HAVE NO BACKBONES? 

W HAT ARE THE SIMPLEST ANIMALS LIKE? Most of the 
animals you see — ^your pets, farm animals, and ani- 
mals in zoos and circuses— have backbones. Therefore you 
may think that there are more kinds of animals with back- 
bones than there are animals without backbones. But this 
is not true. Only about five per cent of all the kinds of 
animals in the world have backbones. The remaining 
ninety-five per cent are invertebrates. 

It is hard to believe that an animal could be so small 
that it would take one hundred-fifty of them laid side by 
side to reach one inch. The ameba, however, is such an 


Fig. 67. In each of these pictures the ameba has a different shape 
because it has moved. (P. S. Tice photos) 

animal. Over 22,000 of these tiny animals would be re- 
quired to cover one square inch of surface. If you have 
not seen an ameba before, you should watch one. These 
little animals are famous because they are so simple. 

Experiment 5, What Is the Structure of the Ameba? Collect 
some leaves or grass from a damp place. Place them in a large 
glass jar or dish and cover with water. The water should not 
be more than one and one-half inches deep. Cover with a glass 
plate and allow to stand for two or three weeks in indirect light. 

Place the mouth of a medicine dropper close to the leaves 
or grass in the bottom of the jar, squeeze the rubber, and then 
release it so that a little water will enter the dropper and carry 
some of the sediment with it. Place a drop of the water on a 
slide and cover it with a cover-glass. Use the high power of a 
compound microscope to look for tiny clear spots, like those 
in Figure 67, that are slowly changing their shapes. 

Under the microscope this animal looks like a blob of 
colorless jelly. If you watch it for a while, you will find 
that it moves (Figure 67). It has no legs, wings, or fins to 
move it about, but still it moves. Watch closely, and you 
will see a little bit of the jelly-like .substance begin to 
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bulge out at one side. This bulge gets bigger and bigger, 
and finally the whole animal fiows along in that direction. 
While the ameba cannot move very fast, still it can move. 



Fig. 68. An ameba takes in food with its entire body. 


All of the animals that we ordinarily see have mouths 
that they use to take in food. The ameba has no mouth, 
but still it can eat. If you are lucky, you may see it sur- 
round a piece of food, as shown in Figure 68. The food 
digests inside the ameba and finally becomes part of it. 
The ameba gets oxygen from the water by diffusion; that 
is, the oxygen dissolved in the water just soaks into the 
ameba’s body. It can grow and reproduce. In fact, it can 
carry on each of the absolutely necessary activities of life 
that you and I carry on. However, it can carry on these 

activities without having 
the many complicated body 
parts that we have. 

Now let us examine an- 
other kind of one-celled an- 
imal, the paramecium. 

Experiment 6. What Is the 
f^tructure of a Paramecium? 
'riiis little animal can easily 
be obtained by placing much 
green “scum” from a pond into 
a jar of water and leaving it 
for a week or more. Obtain a 



Fig. 69. Paramecia, magnified 
330 times (Bausch & Lomb) 
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drop of water from near the surface of the water in the jar. 
Place the drop on a slide. Look in the drop for tiny moving 
particles. Cover with a cover-glass and examine the drop under 
the low power of a compound microscope. When you find a 


paramecium, you will probably have 
to move your slide around to keep the 
animal in sight because these animals 
can swim quite rapidly for their size. 

Notice the shape of the animal. It 
is sometimes called the slipper ani- 
malcule. Can you see why? {Animal- 
cule means “tiny animal.”) If you look 
closely at the surface of the body, 
you may be able to see tiny hairs, or 
cilia. The animal constantly moves 
these cilia back and forth. They propel 
the animal like hundreds of tiny little 
oars. Watch it swim. What kinds of 
movements does it make? 

If you can find one of the animals 
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feeding, observe it carefully. Do you Fig. 70. The small gray 


see an opening into the body? Watch 
it carefully. Perliaps you can see the 
cilia on the edge of this opening. As 
these cilia move, they sweep a current 
of water with food particles in it into 
the body of the animal. 


bodies are food vacuoles ^ 
containing pieces of food 
being absorbed into the 
Paramecium’s body. The 
white bodies are contrac- 
tile vacuoles y which get 
rid of excess water. 


The paramecium is an example of a complex one-celled 
animal. It is more complex than the ameba because differ- 
ent parts of the cell do different kinds of work. 

The ameba and the paramecium belong to the group of 
animals known as the Protozoa., or one-celled animals. 
{Protozoa means “first animals.”) There are about 15,000 
different kinds of protozoans. They are all alike in one 




Fig. 71 . The protozoans on the left are “nose” animals, called Didi- 
nium by scientists. They eat paramecia. The ones on the right are 
“trumpet” animals, or sterUars, (Photo by G. Rommert, courtesy 
Nature Magazine) 

way : Each animal consists of but a single cell. This is the 
important characteristic that makes the protozoans differ- 
ent from all other kinds of animals. It does not seem 
possible that one-celled animals could be constructed in 
fifteen thousand different ways, but it is true, never- 
theless. Scientists have actually seen all these different 
kinds under the microscope. In Figures 71 and 72 you 
see some of the different forms of one-celled animals. 

Everywhere you go, you will find protozoans. You will 
not see them, but they will be there. Stagnant water is 
swarming with millions of them. Even our drinking water 
is likely to contain a few harmless ones. They are found 
inside the bodies of most animals. They can live under 
almost any condition of life. They can dry up into tiny 
particles and blow about as part of the dust in the air. 
When water and food are again available, they become 
active again. Some of them cause serious diseases. One 
kind of araeba causes dysentery. Another kind of proto- 
zoan causes malarial fever. Many kinds are used as food 
by slightly larger animals. 

There are so many millions of these protozoans that 
any guess that we might make of their number would be 
millions of times too small. A glass of water in which 
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any kind of plant or animal material is decaying may have 
thousands of these tiny animals in it. 


Self-Testing Exercises 

1. In what way are the ameba and the paramecium alike? 

2. How are protozoans different from all other groups of 
animals? 

3. Why is the paramecium said to be a more complex animal 
than the ameba? 

4. Copy the statements below. Check each statement as 
true or false; that is, mark it T or F. 

a) A protozoan can move. 


b) A protozoan can take food into its 

c) A protozoan can digest food. 

d) A protozoan takes oxygen into its 

e) A protozoan can grow. 

/) A protozoan can reproduce. 
g) A protozoan can think. 

5. If a bunch of dry leaves or grass 
is kept in water for a week or two, 
protozoans can usually be found in 
the water. How did they get there? 

6. In what way do protozoans 
afifect our lives? 

Problems to Solve 

1. What are some of the common 
kinds of protozoans in addition to 
amebas and paramecia? Look in 
zoology books to find pictures and 
descriptions of kinds not shown in 
this book. 

2. How many different kinds of 
protozoans can you find for yourself? 
If you have the use of a microscope, 
collect material from ponds and other 


body. 

body. 



Fig. 72. This protozoan 
receives the name radio- 
larian from the fine 
threads of protoplasm 
that radiate in all direc- 
tions. (American Muse- 
um photo) 



Fig. 73. The sponge dock at Tarpon Springs^ Florida. Sponges are 
found in almost all the waters of the world and at all depths, but they 
grow best in warm waters. 


bodies of water and examine it for protozoans. Always put a 
tiny amount of water plants or debris from the bottom on 
your slide. Tlie animals are more apt to be found in this ma- 
terial. They will become more abundant if grown as directed 
for paramecium on page 88. Such a culture will usually con- 
tain several kinds of animals. If allowed to stand for several 
weeks, the kinds gradually change in numbers. Keep a record 
of your discoveries by means of notes and drawings of the 
animals you find. 

W HAT KIND OF ANIMAD IS A SPONGE? Do yoU knoW 
that the sponge you use in washing the car was 
once a colony of living sponge animals? At one time this 
colony of sponges was living on the bottom of the ocean. 
If it was living in shallow water, it was dragged from the 
bottom by a long-handled rake. If it was living in deep 
water, it was gathered by a diver. Then it was thrown 
out on the shore. Here the living part of the sponge died 
and decomposed. The skeleton of soft, fibrous material 
did not decompose. It is this skeleton that we use to 
wash windows and automobiles and for other purposes. 
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You can find out more about the structure of a sponge 
if you examine a simple sponge animal, such as is shown in 
Figure 74. Notice that the animal is shaped like a vase. 
There are usually one or more large openings in the animal. 
When colored particles are added to the water near one 
of these openings, you can see that a current of water is 
being forced from this opening. If water is coming from 
the body of the sponge, there must, of course, be some 
way for water to get in. 

Actually, there are thousands of tiny openings, or 
pores, in the surface of the animal. It is through these 
pores that water, food, and oxygen pass into the animal 
and circulate through it. The walls of the smaller passage- 
ways are covered with tiny whip-like hairs. These hairs 
move back and forth and cause a current of water to flow 
into the pores and out through the large openings. This 
water brings in food sind oxygen for the sponge cells. 

The plan of structure of the sponge is very simple. It is 
a solid body with irregular channels running through it. 
The sponge has no organs, such as a heart, lungs, or a 
digestive tube. Food is taken from 
the water by the cells, and digestion 
takes place in the cells. The adult 
sponge is always attached to some 
surface and docs not move around. 

In an animal as large as a sponge 
you might expect to find some kin<l 
of nervous system. A nervous system, 
as you know, needs cells to receive 
stimuli and send them on through 
nerve fibers to the rest of the body. 

Without a system of this kind the 74 . Diagrum of 

whole animal cannot respond to stim- a simpte si)onge 
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Fig. 75. At the left i.s a red-beard sponge; at the right, a fresh-water 
sponge. (American Museum photo) 


uli. The sponge, however, has no nervous system. It 
has no special sense cells to receive stimuli and no nerve 
cells to send stimuli around the body. Thus each indi- 
vidual cell responds to the stimuli that reach it. 

The most important characteristic that distinguishes 
the sponge animals from all other animals is the possession 
of millions of tiny pores. It is this characteristic that gives 
the group its name, Porifera (“pore-bearers”). Sponges 
have been found as far down in the ocean as men have 
ever gone, and they have been found almost everywhere 
in the world. Scientists have so far discovered and named 
about 2500 kinds. 

Self-Testing Exercises 

1. What is the most important characteristic that makes 
sponges different from all other animals? 

2. (a) How does water flow through a sponge? (b) What path 
does it follow? 

3. How does the sponge get its food? 

Problem to Solve 

How is sponge “fishing” carried on? Consult reference books 
and prepare a talk on sponges. 
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W HAT IS THE STRUCTURE 
OF THE COEUBNTERATES? 

Figure 76 shows an innocent 
looking animal, the hj'^dra. The 
hydra is only about one-half 
inch long, yet it can capture and 
eat an animal many times as 
large as itself. It is really very 
dangerous to certain other an- 
imals. Let us watch it in action. 

Here comes a small water flea. 

As the flea swims by, it brushes 
the tentacles of the hydra. Then Fig. 76. This hydra has cap- 
it suddenly stops. It struggles tured a water flea for food. 

tor a time and fmally becomes 

quiet. The tentacles of the hydra are wrapjied around 
it, and it is drawn dowm to the mouth of the hydra. 
Slowly it passes through the mouth into the hydra’s body. 
It is dinner time for the hydra. 

To understand how the hydra could capture the water 
flea, you will need to know something about the structure 
of the hydra. On the hydra’s tentacles are great numbers 
of cells that shoot out threads when they are touched 
(Figure 77). Some of the threads are hollow and contain 
a poisonous substance. When a number of these threads 

penetrate an animal, they 
paralyze or kill it. Other 
kinds of threads that are 
shot out from the cells are 
wrapped around any hairs 
that may be on the prey 
and help to keep it from 
Fig. 77. Poison cells of the hydra escaping. Now you .see what 
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Fig. 78. A .sectional 
view of the hydra 
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happened to the water flea. It was 
paralyzed by the poisonous threads 
.shot out from the tentacles. 

Now let us look at the plan of 
structure of the hydra. The body is 
vase-shaped with a cavity inside (Fig- 
ure 78). The opening in the body is 
a real mouth through which food 
passes into the hydra. Some of the 
cells of the inner lining of the hydra 
are gland cells; these make digestive 
juices that can dissolve the food in 
the cavity. I'he dissolved food then 
difl’uses into the cells that line the 
cavity and on into the outer cells of 
the hydra. Parts of the food that 


will not digest are passed out through the mouth. 



Small as the hydra is, it has a nervous .system made uji 
^ of a network of fibers that extend 

K through its whole body. This net- 

M work is somewhat like the hair net 
i0 that girls use to keep their hair from 
blowing. But in the nervous system 
ryViJf hydra there is no central or 

controlling part, such as the brain, 
fe c’l Seii.sory cells located on the surface 

of the animal pick up stimuli from 
; :}‘ objects they touch or from chemical 

,j r substances in the water, and nerve 

■V cells carry the impulses to muscle 

j; cells. A stimulus thus may result in 

Fig. 79. The nervous contraction of the whole body. 


system of the hydra or of the tentacles, or of other parts 
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of the body. A nervous system is a great help to an 
animal. It helps different parts of the body to work to- 


Fig. 80 . Sometimes the hydra travels by turning slow somersaults. 

gather. For example, when food touches one tentacle, 
the stimulus is sent on to the other tentacles, and all of 
the tentacles then work together 
to cram the food into the mouth. 

Unlike the sponge, the hydra 
can move about. It may slide 
along on the lower end of its 
body, or it may bend over, at- 
tach its tentacles to a new point, 
and then bring up the lower end 
of its body, much as a measuring 
worm does when it moves along. 

Small as it is, the hydra gets 
along wonderfully well in its 
environment. 

It may be difficult for you to 
see why the hydra, the jellyfish, 
and the sea -anemone (Figure 82) 
are classed together in the same 
group, called Coelenteraia. An 
outside view of them, such as is 
shown in the pictures, would lead 


Fig. 81 . A jellyfish (Roy 
Finney photo) 



Fig. 82 . These flower-like animals, the sea-anemones, have caught 
small fish with their many tentacles. (Three Lions photo) 


one to believe that they have few, if any, characteristics 
that are alike. Scientists, however, are no I deceived by 
external appearance; they are interested in the way in 
which the animals are put together. 

Careful examination of these three animals shows that 
each has a central cavity in its body that is used as a 
digestive cavity (Figure 83). Into this cavity there is only 



one opening, the mouth. Every coelenterate has tentacles 
with stinging cells that are found in ^tentacles. 

no other animal outside this group. i'v, yv^olJ, . / - 

Every coelenterate is built on a cir- ^ , V 

cular plan. These and other facts of 
structure tell scientists that an ani- ’ 

mal is a coelenterate. \ ‘ 

Coelenterates are found both in ISlIil ; 

fresh and in salt water. The fresh- ^ ] 

water hydra can be found in ponds , ! 

and streams clinging to water plants, . 

dead leaves, and sticks. If some of ^ 


these are brought into the classroom piQ. A sectional 


and placed in jars of water, hydra view of a sea-anemone 
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Fig. 84. What is the reseiiiblaiioe of the star coral to other cjoelenter- 
ates? (American Museum ]>hoto) 


may be found clinging to the walls of the jars. It is in 
warm shallow seas, however, that eoelenterates are found 
in the greatest abundance. In many places the ocean floor 
is ahnost covered with them (Figure 55). 

Among the many interesting eoelenterates are the 
different kinds of coral polyps. From the lower vsurface of 
their bodies these animals give off lime. This lime forms a 
limestone cup. Many coral polyps live together and build 
up solid masses of limestone or branching tree-like struc- 
tures. New polyps build on the limestone made by the 
first polyps, and gradually a reef is formed that extends 
up to the surface of the water. Many tropical islands are 
coral islands, that is, islands built by coral polyps. 


Self-Testing Exercises 

1. What is the plan of structure of eoelenterates? Tell several 
things about the plan. 

2. How do the eoelenterates differ from the sponges? 

3. Why are eoelenterates able to use fairly large animals 
for food? 

4. Why can the eoelenterates respond to stimuli better than 
the sponges can? 
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Fig. 85. How a starfish opens a clam sliell (Photo by W. K. Fisher. 
Pacific Grove, Calif.) 


Problems to Solve 

1 . All coeleiiterates live in water. Can you see any reasons 
why they could not live on land? 

2. What other kinds of coelenteratc^s arc' there in addition 
to hydras and coral polyps? Read about them in encyclopedias, 
zoology books, and other reference books. 



Fig. 86. A starfish forcing its stomach 
out through its mouth 



First, the starfish arches itself 
over the shell in a humped-np 
position, so that all its arms are 
touching the shell. On the bottom 
of the arms are hundreds of little 
tube feet^ each with a tiny sucker on 
the end. These suckers hold on like 
little vacuum cups. The starfish 
attaches many tube feet to the shell 
^^nd pulls. The starfish also gives 
out some stomach juice that enters 
the oyster and paralyzes its mus- 
cles. The muscles can no longer 
hold the shell closed and it opens 
exposing the oyster’s soft body. 

Then a curious thing happens. 
The starfish forces its stomach out 
through its mouth (Figure 80 ), and 
the stomach is wrapped around 
the soft body of the oyster inside 
the opened shell. Digestive juices 
begin to flow, and gradually the 
body of the oyster is digested and 
absorbed by the lining of the star- 
fish’s stomach. Then the starfish 
pulls its stomach back into its 
body. Because it eats oysters, the 
starfish is a great enemy of the 
oyster fisherman. Whenever star- 
fish are caught, they are killed. 



Kic5. 87. A starfish using 
its arms to turn itself over 


(Photos by Dr. Ralph 
Buchsbaum from his A ni- 
mala Without Backbones) 


The starfish belongs to the group, Echiuodermata^ which 


means ‘‘spiny skinned.” If you will rub your hand over a 


live or a dried starfish, you will see how appropriate this 
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Fig. 88. The digestive Fig. 80. The water-vascular, or water- 
system of the starfish circulatory, system of the starfish 


name is. Most of the starfish that we see are dried. You 
might get the idea that the whole body is stiff, but this is 
not the case. The arms of the starfish are very limber and 
can be moved into many different positions (Figure 87). 

Figure 88 shows how a starfish is constructed. Let us 
first look at its digestive system. The mouth opens into a 
loose, baggy stomach. Five pairs of digestive glands, one 
pair for each arm, branch off from the stomach. Small, 
partially digested particles of food pass into these glands, 
where they are digested and absorbed. Undigested par- 
ticles pass out through the anus or back through the 
mouth. 

If you compare the digestive system of the starfish with 
that of a coelenterate, you can see one way in which the 
starfish is different. In the hydra, for example, there is a 
central cavity in the body of the animal that is also the 
digestive cavity. In the starfish there is a special digestive 
system (stomach and glands) inside the body cavity. 

The most peculiar structure in the starfish is the water- 
vascular, or circulatory, system (Figure 89). Water enters 
a tube in the body of the starfish through some tiny open- 
ings in the upper surface of the starfish near the center of 
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its body. It passes through a series of canals into each of 
the arms. Hundreds of tiny tube feet are connected with 
these canals. These tube feet end in suckers. Each tube 
foot is connected to a small, muscular sac inside the star- 
fish. When the sac contracts, it forces water into its tube 
foot and thus pushes the tube foot out. The sucker 
attaches itself to the surface on which the animal is mov- 
ing. Then muscles in the walls of the foot contract, and 
the tube foot gets shorter, forcing the water back into the 
muscular sac. In this way the stai-fish pulls itself over the 
rocky bottom. You can see now how these tube feet hold 
on to the shell of the oyster and how hundreds of them 
working in relays can finally force the shell to open. In 
sand or mud starfish move by using their tube feet and 
arms as legs. 

The starfish gets oxygen by means of many tiny gills. 
These gills are small thin-walled tubes that extend from 
the body of the animal into the surrounding water. They 
are protected by the spines on the body of the animal. 
Oxygen dissolved in the water .soaks, or diffuses, into the 
gills, and this oxygen is passed on into the watery fluid 
that fills the body cavity of the animal. In the same way 
carbon dioxide diffuses out through the gills into the sea 
water. The starfish also has a nervous system. There is a 
nerve ring around the mouth and a branch from this ring 
to each of the arms. Several .smaller nerves are connected 
with the upper and lower sides of the animal. 

This nervous system enables the animal to control what 
it does. For example, there are hundreds of tube feet used 
in movement. These tube feet have to work together to 
move the animal in a certain direction. If you could watch 
a starfish move, you would see how this is necessary. Any 
one if its five arms may serve as a temporary head. One 



Fig. 90. Why do you think the sea-cucumber belongs to the echino- 
derm group? (Roy Pinney photo) 

of them is curved upward so that a little red eye on the tip 
can ‘‘sec” (very dimly) any danger ahead. If this arm is 
tapped, or if for some reason the animal decides not to 
continue in a given direction, this arm drops and another 
arm is raised. Then the animal travels in the new direc- 
tion. When this happens, of course the tube feet must 
change their direction of pull. This change of movement is 
made possible by the nervous system that controls the 
whole animal. 

You can see that the starfish is a much more complex 
animal than any animal we have studied before. It has 
several different systems, each of which carries on a cer- 
tain work for the animal. 
The most common animals 
of this group are the star- 
fish, sea-cucumbers, brittle- 
stars, and sea-lilies. About 
4500 different kinds of 
echinoderms are known. 
All of these animals have 
a spiny or leathery skin. 
All have bodies that are 
built on a circular plan. All 
have a water-vascular sys- 
tem. No other group of ani- 
mals has such a system. 



Fig. 91. This picture shows the 
underside of a serpent star, an- 
other echinoderm, with its hun- 
dreds of tube feet. (Tice photo) 
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Fig. 92. This picture shows the segments in the body of the earth- 
worm. (Cornelia Clarke photo) 

Self-Testing Exercises 

1. In what important ways are the echinoderins diiferent 
from the coelenterates? 

2. Why are the echinoderins considered to be more complex 
than the coelenterates? 

3. What characteristics are used to distinguish the (H?hino- 
derms from other groups of animals? 

W HAT ARK THE CHAUACTKRISTK^S OF THE SKOMENTRD 
WORMS? You never pay much attention to earth- 
worms except when you are going fishing. Karthworins 
are, however, very valuable to man, as you may remember 
from your previous study. They burrow through the 
earth and make holes that ciiable water and air to enter 
the soil. They also move the soil from the holes to the top 
of the ground. Thus they gradually mix tlu^ lower soil 
with the upper soil. 

If you will study the structure of an ciarthworm closely, 
you will see that its body is divided into sections, or scg- 
meiits. Its body is streamlined, and therefore the animal 
can work its way easily through the small holes in the 
soil. Its body also has small, movable bristles on it. If 
you will rub your fingers along the sides, you can feel 
these small bristles. They are used by the earthworm as 
tiny spikes to help it move. 

In moving forward, the earthworm extends the front 
bristles and gets a grip on the soil. The rear bristles are 
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FRONT BRISTLES 
WITHDRAWN 


REAR BRISTLES 
EXTENDED 


Fi(i. 0;i. 'J'iie brisiles of the earthworm enable it to move its body. 

withdrawn. Then the muscles running lengthwise pull the 
rear part forward. Next, the rear bristles are extended, 
the front bristles are withdrawn, and muscles in the body 
force the front part of the body forward. 

The earthworm has no definite eyes, but there are cells, 
mostly in the front end of its body, that are sensitive to 
light. It has a very poor sense of smell, and it cannot hear. 
It is, however, sensitive to vibrations. It is said that earth- 
worms can be captured by pounding a stick into the 
ground and then moving it backward and forward. The 
worms, disturbed by the vibrations, will come to the 
surface. The earthworm has a nervous system that in- 
cludes a brain as well as sensory cells and nerve fibers. 
Of course the brain is not a brain like your brain. It does, 
however, help control the activities of the worm. All of 
the animals that we will discuss from this point on have 
a central nervous system that controls their activities. 

As the earthwoim burrows through the soil, the soil 
passes through its mouth into the digestive tube. Digest- 
ible parts of the soil (plant and animal materials) are 


ESOPHAGUS 


CROP GIZZARD 


;raiu of l.he <llge$tive systeni of ibo earUuvonu 
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Fig. 95. A leech is also a segmented worm. (Cornelia Clarke jilioto) 


used by tlie worm, and undigestible parts pass out through 
the anus. The worm thus eats its way througli the soil. 
When food passes into the body of the earthworm, it 
goes into the crop, which is just an enlargement of the 
food tube (Figure 94). From here it passes into the gizzard. 
The gizzard has heavy muscular walls that contract and 
expand. The food is thus churned and ground into small 
pieces by tiny stones that are swallowed with the soil. 
The ground-up food then passes into the intestines, where 
it is digested and absorbed. 

Earthworms have a series of blood vessels that pass 
through the body. The blood is pumped through the body 
by five pail’s of hearts. These hearts are really nothing but 
enlargements of the blood tubes. Oxygen diffuses into the 
body through the skin. The skin must be kept moist for 
this purpose. When earthworms arc exposed to dry air or 
to the heat of the sun for a short time, they die because 
their skins dry up ; they can no longer get oxygen through 
the dried-up .skin. 

The best time to catch earthworms is on a warm, rainy 
night in spring or early summer. If you will take a flash- 
light with you, you will have no trouble in locating them. 
You will find them crawling on the ground in search of 
food. Because of this habit of coming out at night, the 
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large kinds are often called ‘‘night crawlers.” After a 
heavy rain you often see many earthworms. The rain fills 
their burrows, and they are driven out of the soil by lack 
of oxygen. In the winter they burrow deep in the soil, 
and usually several of them roll up together in a ball. 

Sand worms, tube worms, and leeches are other mem- 
bers of the group to which the earthworm belongs. This 
group is called AnneMa (“ringed”). The main characteris- 
tic of this group is the division of the body into segments 
of nearly the same shape. All have a complete system of 
blood tubes and a tube-like digestive system with two 
openings, the mouth and the anus. About 4000 different 
kinds of worms belong to this group. 


Self-Testing Exercises 

1. What is the main characteristic of the annelids? 

2. How does an earthworm ^et food? How is the eartliworm 
able to make holes throu^i:h the soil? 



Kid. J)(). This weird -looking 
worm is an annelid. (T. S. 
Tice photo) 


Problems to Solve 

1. Show how tlie habits of the 
earthworm are related to the struc- 
ture of its body. 

2. What can you learn about 
earthworms for yourself. Get some 
large earthworms and put them in 
a pan lined with moist towel paper. 
Watch the worms carefully to learn 
all you can. See what eflfect light 
and darkness have on the worms. 
Try the effect of touch on them. 
Can you see blood moving along in 
tiny vessels just under the skin of 
these animals? Write a story of 
your observations. 



Fio. 97. Fresh-water mussels, or clams (Cornelia Clarke photo) 

W HAT ARE THE CHARACTERISTICS OF THE MOEEUSK8? 

Have you ever eaten a molhisk? The name mollusk 
comes from the word mollisy meaning soft. One characteris- 
tic of the mollusk is its soft body. The animals that belong 
to this group appear to be quite diflferent from each other. 
The group includes slugs, snails, oysters, clams, mussels, 
squids, octopuses, and other animals. Which of these have 
you eaten? Some of these animals, such as oysters, clams, 
and snails, are protected by an armor in the form of a 
hard shell. 

Figure 98 shows the structure of a fresh -water mussel, 
or clam. At the rear end of the clam is a short, double 
tube that opens into the water. Cilia inside the clam force 
a stream of water to flow in one tube and out the other. 
Small plants and animals carried by the water are swept 
into the mouth of the clam to serve as food. The stream 
of water, without food, then passes through lattice-like 
gills and out through the other tube. 

Quite different in appearance is the land snail. It may 
remain completely within its shell and thus be protected 
from its enemies, or it may force its body entirely out of 
its shell. One way in which it is different from the clam is 
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Fig. 98. A fresh-water mussel usually lies half buried in the mud, 
but it can move by working the muscles of its foot through the mud. 
(American Museum photo) 

that it has a head. On this head are four tentacles, one 
pair of which is used as feelers; the other pair has eyes 
on the ends. These tentacles can be moved around so that 
the snail may bring its eyes closer to the objects that it 
examines. 

If you ever watched a land snail move, you are prob- 
ably curious as to how it does it. The lower surface of the 
foot pours out mucus, a slimy, slippery substance. Muscu- 
lar contractions, something 
from one end of the foot 
to the other. These muscu- 
lar waves move the snail 
along the slippery path that 
it has made. 

Perhaps the most inter- 
esting mollusks are the octo- 
puses, or devil-fishes. The 
devil-fish has eight arms 
provided with suckers to 

* . , jux. laiia isnaii on 

help the animal hold its move” (Hugh Spencer photo) 
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Fio. 100. This is a photograph of a baby octopus only a few clays old. 
(P. S, Tice photo) 

prey. Stories have been told that an octopus will attack 
a ship and destroy it. Specimens of the giant octopus 
with a diameter of twenty-eight feet have been found 
in the Pacific Ocean. It is unlikely that even so large a 
creature as this could attack a ship. Yet the large ones 
are very dangerous to meet in the water. 

Unless you know a great 'deal about the structure of 
animals, it is often quite hard to see why the scientist 
classifies certain animals as he does. For example, it does 
not seem reasonable to class together in one group animals 
so different as the oyster and the octopus. These animals, 
however, do have certain characteristics that are alike, 
and they also have characteristics that are not found in 
any other animals. Therefore, they are classed together. 

First of all, mollusks have soft bodies that are usually 
provided with a hard shell. Second, thtdr bodies are not 
divided up into definite parts, or segments. Third, the 
parts that extend from the body, the appendageSy such as 
the tentacles of the snail, are not jointed. No other group 
of animals has all these characteristics. 
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Fig. 101. Many of our so-called pearl buttons are cut from fresh- 
water mussels taken from the Mississippi. (Cornelia Clarke photo) 

Self-Testing Exercises 

1. In what ways are all mollusks alike? 

Name four common kinds of mollusks. 

Problems to Solve 

1. Of what importance are mollusks to man? List as many 
uses as you can; then look for others in reference books. Liook 
under the word mollusk and under the names of the different 
kinds of mollusks. 

2. How do some mollusks produce i>earls? 

3. Stock an aquarium (any glass tank or dish or jar) with 
water plants. Add some snails from a pond or stream. Watch 
the snails to learn how they live. 

4. If you have a good-sized glass tank containing sand and 
some water plants, try to get one or two small mussels for it. 
Watch them to learn as much as you can about how they live. 

W HAT ARE THE CHARACTERISTICS OF THE ARTHROPODS? 

And now we come to the group of animals that in- 
cludes more different kinds than all the other grouj^s put 
together. This group is known as the Arthropoda^ which 
means ‘‘jointed-legged." Over 500,000 kinds of animals 
belonging to this group have been discovered and named. 
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Fig. 102. A scorpion is an arthropod because it is an invertebrate 
with jointed legs. (P. S. Tice photo) 


You already know many of these animals. Crabs, crayfish, 
lobsters, centipedes, spiders, daddy-long-legs, and insects, 
such as flies, beetles, bugs, grasshoppers, butterflies, 
moths, and crickets, all belong to the arthropod group. In 
the next problem you will stydy more about this enormous 
group of living things. 

First, let us consider the characteristics of arthropods. 
What are their bodies like? Examine the legs of the ani- 
mals shown in Figures 102, 103, and 104. You will observe 
that all of them are jointed. Furthermore, you will observe 
that other appendages, such as those found on the head 
and on the abdomen of the crayfish, are also jointed. 
None of the animals in the groups that you have studied 
to this point have jointed appendages. Turn back in your 
book and examine the animals shown in Figures 72, 75, 
76, 80, 81, 82, 84, 87, 90, 91, 92, 98, and 100. You will find 
no jointed appendages in these animals. 

Members of this group also have an external skeleton; 
that is, their skin contains a hard, horny material, called 
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Fig. 103. This picture shows some of the jointed appendages of the 
crayfish. (P. S. Tice photo) 



chitin, that serves as protection. If you will feel the back 
of a crayfish or a beetle in which this skeleton is well de- 
veloped, you will understand better the nature of this hard 
external skeleton. This skeleton serves as a framework 
to which the other body parts may be attached. 

‘ thorax grow together, 

the grasshopper’s body 2. Name several arthropods. 
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Fig. 105. At the top is a Polychaet worm. In the middle, left to right, 
are a nautilus and a “precious” coral. At the bottom are a click 
beetle and several Euglenas, 

Problems to Solve 

1. In your notebook make a table like the one below and 
fill it out for each group of invertebrates you have studied. 
Characteristics of Invertebrates 


Name of Group j 

Important Charaotoristics 

Protozoa 

Oiie-cellecl animals 


Porifera | 



Etc 




2. Classify each animal in Figure 105 as one of a group of 
invertebrates; that is, name the group to which each belongs. 
Explain how you know to which group the animal belongs. 
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Problem 3: 

WHAT ARE THE CHARACTERISTICS OF ANIMALS 
WITH BACKBONES? 

I F YOU slide your hand up or down the middle of your 
back, you can feel your backbone. You can feel that 
it is not smooth like a rod. As you probably know, the 
backbone is made of many small bones, or vertebrae. In- 
side the backbone is your main nerve cord, or spinal cord. 
Nerves branch off from the spinal cord through openings 
between the vertebrae and go to the muscles that move 
the body. Nerves from sense organs in your body pass in 
through the openings between the vertebrae and join the 
bundle of nerves that carry messages to the brain. Other 
nerves reach the brain through holes in the skull. 

All vertebrate animals are constructed in this way. 
Invertebrate animals have no backbones. When nerve 
cords are present, they are on the lower side of the animal 
instead of the back or upper side. You also breathe through 
ojjenings that are connected with the upper end of your 
digestive tube. No invertebrates, except a few close rela- 
tives of the vertebrates, have their breathing organs con- 
nected with the front end of the food tube. All vertebrates 
are classified by scientists as chordates. In addition to the 
vertebrates, the chordates include a few animals that 
have no backbones but have their nerve cord and breath- 
ing organs arranged as they are in vertebrates. 

When you studied the simpler animals in Problem 2, 
you found that they lack many of the organs that we have, 
borne have no nervous or digestive or circulatory systems. 
Others have simple systems for carrying on body activi- 
ties. The vertebrate animals all have well-developed diges- 
tive, circulatory, nervous, respiratory, excretory, muscu- 
lar, and reproductive systems. Of course, some details of 
the systems are different in different animals. 



Fici. 106 . This yellow perch shows the tlistiii^iiishiiig eluirfieteristies 
of fish — fins, gill covers, tiiul scales. (('!hi<*ago Museimi photo) 

A\’hen we ebissifie<l llie simpler animals, it was nec^essary 
to describe many of the details of structure in order to see 
how one group differed from another. Furthermore, you 
knew little about these animals; therefore we had t(3 give 
you enough facts about the animals so that you could tell 
something about their general plans of structure. You 
already know a great deal about vertebrate animals. For 
this reason, we will tell you only the main characteristics 
that are necessary to classify tlu'se animals. 

The vertebrates may be <livided into five major classes: 
fish, amphibians, reptiles, birds, and mammals. You will 
now study the main characteristics of each of these classes. 

W HAT ARE THE CII AK.\( TERISTICS OF FISH? As you 
know, fish are aquatic animals, that is, they live in 
water. Their structure must be such that they can move 
about, and they must be able to get a supply of oxygen 
from the water. Fish usually breathe by means of delicate 
fringe-like gills. They draw in water through their mouths, 
and the water passes over the gills. Tn the gills the blood 
receives oxygen and gives out carbon dioxide to the 
water. Then the water passes out through openings at the 
side of the fish. Fish move by means of a broad tail. They 
usually have four fins arranged in two pairs. 

Most fish have scales over their fins and bodies, and 
they are cold-blooded animals; that is, they do not have the 
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Fig. 107. This salamander Fig. 108. The Moorish Idol is a queer- 
is an amphibian found in looking fish found in the South Pacific. 
Texas (Brownell photo) (Chicago Museum photo) 

same temperature at all times. Their body temperature is 
about the same as the water in which they are living. 
When the water is cold, they are cold. When the water is 
warm, they arc warm. 

W HAT ARE THE CHARACTERISTICS OF AMPHIBIANS? 

You can guess what one characteristic of an amphib- 
ian is if you know anything about frogs. You know that 
when they hatch from eggs, they become ‘‘tadpoles.” 
In this stage of their development they look like fish and 
act like fish. They have long tails, and tliey breathe by 
moans of gills. Later on they lose their tails, develop legs 
and lungs, and are able to come out on the land. All 
amphibians begin life in the water and usually take to the 
land when they become adults. They are cold-blooded 
animals, too. To this class of animals belong frogs, toads, 
tree-frogs, or “peepers,” salamanders, and mud-puppies. 

W HAT ARE THE CHARACTERISTICS OF REPTILES? Or- 
dinarily when you speak of a reptile, you are think- 
ing of a kind of snake. A snake is a reptile, but turtles, 
crocodiles, alligators, and lizards are also reptiles. Reptiles 
have scales or bony plates developed from the skin. They 
differ from the fish and the amphibians in this way: In 
no stage of their life do they breathe by means of gills. 
They always breathe by means of lungs, which means 
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that even those reptiles that live in water must come to 
the surface for air. They also are cold-blooded animals. 

W HAT ARE THE CHARACTERISTICS OF BIRDS? EveryonC 

can recognize birds. Birds are the only animals that 
are covered with feathers. All birds breathe by means of 
lungs, and, in contrast to fish, amphibians, and reptiles, 
they have a high body temperature. Their temperatures 
range from 100° to 110° F. Birds and mammals (which 
you are to study next) are warm-blooded animals; that 
is, they keep an almost even body temperature, regardless 
of the temperature of the air or water that surrounds them. 

W HAT ARE THE CHARACTERISTICS OF MAMMALS? BatS, 
whales, seals, elephants, tigers, monkeys, cows, 
kangaroos, moles, rats, squirrels, and man belong to the 
class of mammals. These animals are widely different in 
appearance and widely different in their habits. 

Three characteristics distinguish mammals from all 


other animals: (1) They possess milk glands to feed their 


young. (2) They possess hair 
either all over the body oi* 
on some part of the body. 
(3) They possess a dia- 
phragm that divides the in- 
terior body cavity into two 
parts, one of which contains 
the heart and lungs and the 
other, the stomach and in- 
testines. Now you can see 
why a whale is not a fish, 
and a bat is not a bird. 
Whales and bats both have 
all three of the characteris- 
tics mentioned above. 



Fig. 109. A timber rattlesnake 
ready to strike (Brownell photo) 


Fig. 110. These mammals are all members of the cat family. At the 
left is a mountain lion, also called the puma or cougar. At the right toj) 
is a bobcat, or lynx. Lying down is a wildcat, or catamount. Tigers, 
lions, leopards, and cheetahs are also members of the cat family. 
(Chicago Museum photo) 

The study of iiianimals completes your study of the 
groups of animals. In your study you started with the 
simplest animals, and you have worked your way through 
to the highest group of animals, the mammals. As you 
have learned, animals vary widely in their plan of struc- 
ture. It is this different plan of structure among the thou- 
sands of kinds of animals in the world that enables the 
scientist to classify animals into groups of similar kinds. 
When a scientist knows to what group an animal belongs, 
he immediately knows many facts about the animal. 

This plan of classification has other advantages, some 
of which you will discover in later units of this book. 
Among other things, the plan has helped scientists to 
understand how life has probably developed on the earth. 
Knowing the classification of plants and animals also 
helps in the development of new and better kinds of plants 
and animals, as you will learn when you study Unit 10. 


Self-Testing Exercises 

1. Copy in your notebook the table at the top of the next 
page and fill it in for the groups of vertebrates you have studied. 
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ChARA(TEIIIST1CS of Veutkbrates 


Class 

Fishes 

Amphibians 

Reptiles 

Birds 

Mammals . . . 


Important Characteristics 

Two Examples 

Breathe by gills, etc. 



2. How can you tell an amphibian from a fish? 

3. How can you tell a reptile from an amphibian? 

4. How do birds differ from all other vertebrates? 

5. How do mammals differ from all other vertebrates? 


Problems to Solve 

1. What kinds of mammals lay eggs? Read about the duck- 
bill, or platypus, and the spiny ant-eater. 


2. What mammals were once thought 
to be fish? How do we know that they are 
not fish ? Read about whales and dolphins. 

3. What are some of the common 
groups of mammals? Read about ro- 
dents, carnivores, insectivorous animals, 
hoofed animals (ungulates), pouched 
animals (marsupials), and flying mam- 
mals (bats). 

4. Why do scientists know the horned 
toad is a reptile and not an amphibian? 
Read about the horned toad and apply 
your knowledge of the characteristics of 
reptiles and amphibians. 

5. Lizards and salamanders seem 
somewhat alike to most pt'ople. How 
do scientists know that they belong in 
different classes of animals? 

6. How do reptiles reproduce? Read 
about alligators, snakes, and turtles. 
Compare their methods with those of 
amphibians, birds, and mammals. 



Fig. 111. Opossums 
are marsupials found 
only in the United 
States. (Chicago Mu- 
seum photo) 



Fig. 112. The horse-shoe crab {Limulun) is an arthropod belonging 
to the class Crustacea. (L. W. Brownell photo) 

Problem 4: 

WHAT PLAN OF CLASSIFICATION DOES THE SCIENTIST USE? 

I N Problem 1 you learned something about the way in 
which a scientist classifies animals. In Problem 2 you 
studied the great groups of animals that have no back- 
bones, and in Problem 3 you studied the animals that have 
backbones. You saw that the animals of each group have 
certain characteristics that are alike, and that the animals 
of each group have certain characteristics that are unlike 
those of the animals in other groups. 

In this problem we will see in detail how the scientist 
classifies animals. You will see that the names are either 
Greek or Latin or a mixture of these languages. Greek and 
Latin words are used because early scientists used these 
languages and because of the confusion that arises from 
common words. The name chosen for an animal usually 
describes it in a general way. In the pages that follow, you 
will find the English translation of most of the terms used. 
Each of the large groups of animals is called a Phylum 
(plural Phyla). For example, in speaking of the group of 
one-celled animals, the scientist would say that they 
belong to the Phylum Protozoa. The hydra belongs to the 
Phylum Coelenterata, the earthworm to the Phylum 
Annelida, and so on. The accurate separation of animals 
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into diflFerent phyla is the result of hundreds of years of 
patient study by many different scientists. 

In this problem you are going to see how a phylum is 
divided into smaller and smaller groups of animals. As an 
illustration we will take the Phylum Arthropoda. Since 
there are over 500,000 different kinds of animals belonging 
to this phylum, you can see the necessity for further classi- 
fication of its members. Let us first summarize briefly the 
main characteristics of this phylum. Every animal in the 
phylum has the following general characteristics: 

Phylum Arthropoda. Jointed legs, antennae, and other 
appendages; hard external skeleton; three regions of 
body — ^head, thorax, and abdomen, these regions being 
fused in some animals. 

The next smaller division in the plan of classification is 
the Class; that is, the phylum is divided 
into classes. The animals in each class 
have certain characteristics that dis- 
tinguish them from animals in other 
classes. A description of each class in 
the Phylum Arthropoda and of the 
members of each class follows: 

Class 1. Crustacea {shelled animals). 

Live chiefly in the water; breathe by 
means of gills or through the body wall ; 
head and thorax usually united and 
covered with a part of the external 
skeleton; always have more than four 
pairs of legs; movable eyes located on 
the ends of stalks; compound eyes. The 
class Crustacea includes, among other 
animals, crayfish, crabs, barnacles, lob- 
sters, shrimp, and sowbues. 




Fig. 114. Common gar- Fig. 115. On the underside of the hlack- 
den spider found in the widow spider there is a red mark resem- 
MiddleWest (Tice photo) bling an hour-glass. (Passmore photo) 

Class 2. Myriapoda (many -legged animals). Worin-like 
form; segments numerous and much alike; one or two 
appendages to each segment; simple eyes. This class in- 
cludes centipedes, millipedes (“thoiisand-leggers'’). 

Class S. Inseda, Three pairs of legs; one or two pairs of 
wings (some forms have no wings); three distinct regions 
of the body — head, thorax, and abdomen; compound 
eyes. This class includes flies, butterflies, beetles, grass- 
hoppers, etc. 

Class Jf. Arachnida. Four pairs of legs; no wings; simple 
eyes; no antennae. To this class belong the spiders, taran- 
tulas, scorpions, daddy-long-legs, and ticks. 

If you find an animal in the water or air that you can 
classify as an arthropod, you can now go one step farther 
in its classification. By means of the description given 
above, you can identify it as a member of a certain class. 

Scientists have studied the members of each class and 
have discovered characteristics that help to divide each 
class into orders. For example, the class Insecta is divided 
into twelve orders, each of which has characteristics 
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Fig. 116 . These insects represent the principal orders into which the 
class Insecta is divided. 


different from all other orders. A description of the princi- 
pal orders of the class Insecta follows: 

Order Hymenoptera {membranous wings). Four similar 
thin wings, of which the front pair is the larger. Exainples: 
ants, bees, wasps, and gall insects. 

Order Coleoptera {sheath %^ngs). Hard outer wings meet- 
ing in the middle of the hack, forming a cover for a second 
pair of wings underneath. Example: beetles. 

Order Lepidopiera {scale whigs). Four wings covertnl with 
scales. Examples : butterflies and moths. 

Order Orthoptera {straight wings). Leathery and straight 
front wings; net- veined rear wings. Examples: grass- 
hoppers, locusts, crickets, cockroaches, and walking- 
sticks. 

Order Hemiptera {half vnngs). Two pairs of wings or 
none; j^iercing and sucking mouth parts. Examples: true 
bugs, lice, and plant lice. 

Order Diptera {two wings). Most seem to have only two 
wings. The fore wings are developed, and the hind wings 
are reduced to knobs. Examples: flies and mosquitoes. 
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Fig. 117. A Rocky-Mountain locust Fig. 118. A red-legged locust. 
(Li. W. Brownell photos) Compare with the other locust. 

An order may be divided still further into fo/milies. For 
example, the order Orthoptera includes the cockroach and 
the locust. If you know these two insects, you can readily 
see that one has certain characteristics not possessed by 
the other. The cockroach belongs to the family BlattidaCy 
all of whose members have three pairs of legs that are 
similar in form and bodies that are oval -shaped. The 
locust belongs to the family Acrididae, Members of this 
family have hind legs that are much longer and stouter 
than the middle pair. 

Each family may be sub-divided still further into 
genera (singular, genus). Finally, a genus is divided into a 
number of species (singular, species). Usually one species 
in a genus is only a little different from another species in 
the same genus. When an animal has been classified in a 
certain genus and species, we know its scientific name. The 
scientific name of an animal is made up of the name of its 
genus and the name of its species. The name of the genus 
always comes first. 

The name of the common red-legged locust is Melano- 
plus femur -rubrum. Melanoplus is the name of the genus, 
and femur-ruhrum (‘‘red-legged”) is the name of the 
species, or particular kind of grasshopper. Another kind 
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very much like the red-legged locust has the name Melano- 
plus spretus. Thus we know that it has been classified in 
the same genus but is a different species. 

And now let us review briefly the scheme of classifica- 
tion used by the scientist as illustrated by the red-legged 
locust. 

Kingdom — Animal 
Fhylum — Arthropoda 
Class — Insecta 

Order — Orthoptera 
Family — Acrididae 
Genus — Melanoplus 

Species — Femur-rubrum 

In classifying a given animal, we first decide upon the 
phylum, then the class of the particular phylum, then the 
order of the class, then the family, then the genus, and 
finally upon the particular species. When you consider 
that there are over 600,000 known species of animals, each 
with its own name, you can appreciate what a tremendous 
task it has been to discover a scheme that would work, 
and then to study the structure of each animal so care- 
fully that a description could be made to distinguish it 
from all other animals. 

Self-Testing Exercises 

1. How can you tell the difference between an insect and a 
spider.^ 

2. In what ways are all arthropods alike? 

3. What characteristics are used to divide the class Insecta 
into orders? 

4. What does the scientific name of an animal tell us? 

5. Write the following names of groups in their correct order, 
beginning with the smallest group and ending with the largest: 
class, family, genus, kingdom, order, phylum, species. 




Fig. 119. Cyclops, a Fig. 120. Sow bugs, or pill bugs. These are 
microscopic crustacean crustaceans that are found on land. (Cornelia 
(Hugh Spencer photo) Clarke photo) 


Problems to Solve 

1. Obtain as many different kinds of leaves as you can. Make 
up a scheme of classifying them. Then give your scheme of 
classification to someone and see if he can identify leaves by 
your plan. 

2. In some book that classifies animals or plants find the 
names of the genera and species of some common animals or 
plants. Can you find several species that belong in one genus, 
several genera that belong in one family, etc.? 

3. Can you classify insects? Catch a number of insects. Kill 
them by putting a drop or two of gasoline on each one. Then 
try to classify each specimen in one of the orders on page 125. 

4. How many arthropods can you find that are not insects? 
Look under damp boards or rotting logs for pill bugs and in 
ponds and streams for crayfish. Fish among water plants with a 
kitchen strainer or a piece of screen wire for “benders.” A nuin- 
ber of water plants carried home in a can and put in a glass jar, 
fish bowl, or aquarium with plenty of water will almost always 
contain a number of crustaceans so small you will need a micro- 
scope to see their jointed legs. Most of these small animals are 
transparent, and you can see their internal organs with the low 
power of a microscope. 

Look also for spiders, daddy-long-legs, and hundred-legged- 
worms. Notice that each of these has the characteristics of the 
arthropods. Classify each one as a crustacean, a myria])od, 
or an arachnid. 
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Problem 5: 

WHAT ARE THE DIFFERENT KINDS OF PLANTS? 

W HEN you started your study of this unit, you were 
asked to make a list of the plants that you know. 
How many plants did you name? Very few people can 
name a hundred different kinds of plants. Scientists, 
however, have discovered and named about 22.5,000 
different kinds. With such a large number of plants you 
can sec that it is necessary to classify them so that they 
may be studied. 

Of course, the characteristics that you look for to 
classify plants are quite different from those used to 
classify animals. However, the structure of some plants is 
very different from the structure of other plants. Because 
of differences in their structure and in their methods of 
reproduction, plants can be classified into four groups, 
thcUlophytes, bryophiftes, pteridophytes, and spermatophytes. 

W HAT ARE THE CHARACTEKJSTK-’S OF THE THAI.EO- 
PHYTES? If you will look on the north side of trees 
in shady and damp places, you will find places where the 
bark is green, as if it had been stained. 

If you scrape oft’ a little of this green 
material, place it in a drop of water, 
and examine it under the microscope, 
you will see that it is made up of many 
tiny one-celled plants (Figure 121). 

Some of the cells are joined with other 
cells to make colonies. 

The name of this plant is Pleurococ- 
cu.i. Inside of each cell is some green 
coloring material, chlorophyll. You see that the plan! 
has no roots, stems, or flowers. The plant is all body. 
The word “thallophyte” means a plant that is all body. 


^ li; ^ u 




Fid. Pleuro- 

c<K;eus 


Fig. 123. JSpirogyra, an alga hav- 
ing spiral chlorophyll bodies in 
its cells (Hugh Spencer photo) 


Fig. 122. Yeast plants, as they 
look under a microscope (Cen- 
tury photo) 

Suppose your mother told you to go to a grocery store 
and bring back a few million plants. What would you ask 
the grocery man for? Do you think you would have much 
trouble in carrying this number of plants? You would not 
if you asked for a cake of yeast. A cake of yeast does not 
look as if it were made up of millions of plants. But put 
some of the yeast in a solution made of a little sugar and 
water for a few hours and then examine a drop of the 
solution under the microscope. You will find many tiny 
and almost colorless cells (Figure 122). These cells are 
really plants, and they are thallophytes. Unlike the 
pleurococcus, they have no chlorophyll. 

The thallophytes are divided into two groups, according 
to whether they have or do not have chlorophyll. The 
algae^ such as pleurococcus, have chlorophyll, and the 
fungi^ such as yeast, do not have chlorophyll. 

One of the commonest algae is Spirogyra, which is often 
found in watering-troughs, ponds, and streams. It looks 
like a mass of green material floating in the water. Some 
people call it pond scum. If you will get a small mass of 
this material and look at it closely, you will see that it is 
composed of a large number of small green threads. Under 
the microscope you can see that each green thread is 
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Fig. 124. This alive-green alga Fig. 125. This brown fungus has an 
is found in masses on rocks at interesting urn-like shape. (Cornelia 
low tide. (Spencer photo) Clarke photo) 

made of a single row of cells. If the material you have col- 
lected is really Spirogyra, each cell will contain one or 
more spiral bodies that have chlorophyll in them. This 
alga gets its name from these spiral chlorophyll bodies. 

There are many different kinds of algae. Some of them 
are merely single cells ; others are seaweeds a hundred feet 
in length. But they are all alike in one way : They have no 
leaves, stems, roots, or flowers. There are nearly 10,000 
different kinds of algae. 

You have seen many different kinds of fungi: bread 
mold, which appears as a mass of white threads on bread; 
green mold, found on preserves, oranges, and old shoes; 
and various kinds of mold on decaying fruits. If you live 
in the country, you have seen brown or black spots on 
wheat and oats. These are caused by rust fungi. You may 
also have seen blackened ears of corn and heads of wheat 
caused by smuts. Mushrooms, puffballs, and the shelf fungi 
on trees are other fungi that we often see. Scientists have 
discovered about 75,000 species of fungi. They vary widely 
in appearance. Since they have no chlorophyll, they of 
course cannot make their own food. They must get their 
food from other plants, from animals, or from materials 
made by plants and animals. For this reason many of the 
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Fig. 126 . Lichens grow in several different forms. Some are flat and 
leafy like the one above. Others are divided into many branches. Still 
others grow as a very thin crust on rocks or tree trunks. 

fungi are harmful. Fruit-growers and doctors study fungi 
and try to find ways to fight them. 

In addition to the plants just described, there are the 
tiny one-celled fungi known as bacteria. As you learned 
in Book 2, some bacteria attack human beings and cause 
disease. These are called disease germs. Many kinds of 
bacteria are quite useful in making butter, vinegar, and 
other valuable products. 

Often you will find patches of gray, green, or brown 
on rooks, trees, or even fence posts. These patches are 
lichetifi. They can grow where no 
other plants can grow. Scientists 
used to believe that a lichen was 
a single plant, but they have since 
discovered that a lichen is com- 
posed of two kinds of plants, an 
alga and a fungus. Examined un- 
der a high -power microscope, part 
of one appears as shown in Figure 
127. Living together, it is pos- 

sible for these plants to grow where su„ounded by tho hy- 
neither one could live alone. The phae of the fungus. 



Fio. li^8. The light bodies of this hair-cap moss are capsules that bear 
spores for reproduction. (L. W. Brownell photo) 

fungus absorbs what little water is available and protects 
the algae from extreme dryness. The algae manufacture 
food that the fungus obtains by sending tiny branches into 
the algae. Both plants are thus helped by their partner- 
ship. 

W HAT AUK THE CHARACTEKIHTICS OF THE BRYOPHYTP^S? 

The plants known as bryophytes (“moss plants”) 
include two classes, the mosses and the liverworts. These 
plants never grow more than a few inches tall and are 
usually found in moist places or in water. The stems and 
leaves of mosses are not true stems and leaves, because 
they do m)t have a vascular system or stomata {Book /, 
pp. 320S^4!) . Neither do the mosses have true roots. l''hey 
have thread-like structures, called rhizoids, that grow 
down into the soil. These serve the same purpose as roots, 
but their structure is so simple that they cannot be classed 
as roots. Figure 351 in Book 2 showed you the maiiy- 
celled structure of a true root. The rhizoids of some of the 
bryophytes appear more like the root -hairs, since they 
are just one elongated cell. Other rhizoids are filaments 
consisting of a single row of cells. 

tlntil you study liverworts quite thoroughly, it is diffi- 
cult to see why they are placed in the same group with the 
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Fig. 1^29. There are many kinds of liverworts fouinJ all over the world 
in damp and shady places. (L. W. Brownell photo) 


mosses. The liverworts have flattened bodies that are often 
branched (Figure 129). Extending from the lower surface 
are the rhizoids that penetrate the soil to oblain water. 
Some of the liverworts, however, are so much like mosses 
that only an expert can tell to which class they belong. 

W HAT ARH THE CHARACTERISTICS OF THE PTERIOO- 
piiYTES? You are alrc'ady acquainted with ferns. 
Ferns form one class of xiteridc^phy les (“fern plants”). 
They are usually recognized by their greatly divided 
leaves. The ferns have true leaves, stems, and roots, and 
a well-developed system for conducting water up from the 
roots to the leaves and food down from the leaves to the 
roots. One set of tubes carries the water up, and one set 
carries the food down. These sets of tubes together make 
up the vascular bundles and extend from the roots into 
the leaves. Because of these vascular bundles pterido- 
phytes can grow to a much greater size than the bryo- 
phytes. As you know, ferns reproduce by means of spores. 
On the backs of fern leaves you can often And the little 
brown spots where the spores are produced. 

Another class of the pteridophytes includes the horse- 
tails, or “scouring rushes,” and another class the club 
134 



i?iG. irsu. Aherns vary greatly in size, itie tree terns, like ttiese ttiat 
grow in Hawaii, reach a height of forty feet. However, most kinds are 
smaller. (Courtesy K. C. Hamner) 


mosses. These plants also possess true leaves, roots, and 
stems, and they reproduce by means of spores. 


W HAT ARE THE CHARACTERISTICS OF THE SPERMATO- 
PHYTES? The highest group of plants includes those 
that bear seeds. This is the characteristic that distinguishes 
the sperm atophytes (‘‘seed plants”) from the other three 


groups. Spermatopliytes also have true leaves, stems, and 



181.'“ Tlie cone-like 
structures of the horsetail 
bear spores. (L. W. Brow- 
nell photo) 


roots. The vascular bundles are 
well develoi>ed, and these plants 
may grow to tremendous size. 

The sperinatophytes are di- 
vided into two sub-groups, gym- 
nosperms and angiosperms. Pine, 
cyiiress, hemlock, spruce, and 
cedar are common gymno- 
sperras. In these plants the seeds 
are borne in cones. The angio- 
sperms bear flowers, in which the 
seeds grow. It is thus very easy 
to tell a gymnosperm from an 
angiosperm. At the present time 
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Fig. 132. The pine cones at the right have opened and dropped the 
seeds to the ground. (L. W. Brownell photo) 


about, 140,000 different kinds of sjierinatophytes have 
been discovered and named. 

The angiosperms are divided into two classes, the mono- 
cotyledons and the dicotyledons. As you learned in Science 
Problems y Book 2y the monocotyledons are plants whose 
embryos have one cotyledon, and the dicotyledons are 
plants whose embryos have two cotyledons. 



Fig. 133. The seeds of angio- 
sperms are concealed within 
the fruit. 


These two classes ma^^ be 
idimtified by other character- 
istics. The monocotyledons 
have: (1) usually parallel- 
veined leaves, like those of the 
lily and grass; (2) flower parts 
arranged in groups of three; 
(fl) vascular bundles that are 
scattered throughout the stem. 
The monocotyledons include 
such plants as wheat, corn, rye, 
oat, barley, wild grasses, bam- 
boo, date palm, hyacinth, tu- 
lip, asparagus, onion, lady’s 
slipper, pineapple, and banana . 
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Fig. 134. Is the trillium a monocotyledon or a dicotyledon? What can 
you see in this picture that would help you decide? 



hiG. is tne wiia geranium a inonocoiyieaon or a aicoiyieaon.'' 

How do you know? (I^. W. Brownell photos) 


The dicotyledons have: (1) netted- veined leaves, like 
those of the elm and oak; (^) flower parts arranged in 
groups of four or five; (3) vascular bundles arranged in a 
definite ring of growing tissue. The dicotyledons include 
such plants as the pea, bean, rose, apple, peach, pear, 
strawberry, cabbage, turnip, willow, carrot, sunflower, 
dandelion, oak, and inaple. 
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Self-Testing Exercises 


1. Copy the following table and insert “Yes” or “No” in 
the columns. 

Characteristics of Plant Phyla 


Phylum 


True Hoots, Stems, 
and Leaves 

Vascular 

Bundles 

Seeds 

Thallophvte 

Brvophy te 

Pteridophvte 

Spermatophyte 






2. How can you distinguish a thallophyte from all other 
phyla? 

3. How can you tell a bryophyte from a pteridophyte? 

4. What characteristic distinguishes a spermatophyte from 
all other phyla? 

LOOKING BACK AT UNIT 2 

1. How has this unit helped you to understand better the 
world in which you live? 

2. What can you do now that you could not do before you 
studied this unit? 

3. A number of important science words have been used in 
this unit. Be sure that you know what they mean, so that you 
can use them intelligently. Give the meaning of each word 
below : 

cilia mammal tentacle 

classify phylum vertebrae 

cold-blooded animal rhizoid vertebrate animal 

invertebrate animal structure warm-blooded animal 

ADDITIONAL EXERCISES 

1. In Introductory P^xercises 3 and 4 you made a list of the 
plants and animals that you know. Classify each of these 
plants and animals in the phylum to which they belong. If you 
can, classify them as to class also. An encyclopedia or books on 
botany and zoology will help you to do this. 



Fio. 186. By now yon know that animals have many unusual shapes. 
You can readily see why this one is called a rhinoceros beetle. To 
what phylum, class, and order does it belong? (P. S. '‘Pu^c photo) 

2. How would you go about classifying it plant or an animal 
that you had never seen before? 

3. Which of the phyla of animals include animals that are 
valuable to man? 

4. Which of the phyla of animals include animals that are 
dangerous to man? 

5. Worms, caterpillars, and snakes look somewhat alike. 
Why would you classify them in different phyla? 

6. What orders of insects contain species that are especially 
harmful in your region? Read in reference books about harmful 
insects and find out to which group each insect belongs. This 
will not be hard when you know the characteristics of the most 
important orders of insects, as given on page 125. 

7. How many kinds of mosses or ferns can you find? Mosses 
can be kept growing very nicely in covered fish globes, butter 
dishes, etc. Hov/ever, they will often be attacked by fungi if 
kept too wet. Fern leaves may be pressed in an old magazine or 
book. If you are a persistent, careful worker, you can learn to 
classify ferns by using a key in a book. Ask your teacher or a 
librarian for help. 
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8. If you have a microscope to use, see how many kinds of 
algae you can find. Botany books may be helpful in classifying 
some of the algae you find. 

9. How do the life histories of plants help to classify them.^ 
Read in botany or biology books about the life history of a moss, 
a liverwort, and a fern. From the facts you learn tell why mosses 
and liverworts are classified together and ferns are in a different 
group. 

10. Tell how the plants of each group are helpful to man. 
Which groups contain plants that are harmful 

11. Learn to identify trees by their leaves. Collect leaves and 
press them in old magazines or books under heavy weights until 
they are quite dry. Then fasten them on the pages of a suitable 
note-book. Use the “key” in a tree book to identify the leaves 
of trees you do not know. You may need to have some older 
person help you. 

12 . Make a collection of the common weeds in your neigh- 
borhood and learn to know them by their names. Leaves or 
small plants with their roots may be pressed and fastened in a 
note-book as directed in Problem 11. 




Fig. 137. Jumping a ten-foot ditch is easy for these three kangaroos. 
Their long hind legs and strong tails help them speed over the ground 
in great leaps, often as long as fifteen feet. In their homes on the 
open plains in Australia, where it is difficult to hide, this speed 
helps them escape their enemies. In each of the many other kinds 
of places on the earth are plants and animals that can live there 
because they are fitted to the surroundings. (Kwing Galloway photo) 
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UNIT 3 

HOW ARE PLANTS AND ANIMALS FITTED 
TO THE CONDITIONS AROUND THEM? 


INTRODUCTORY EXERCISES 

1. Make as long a list as you can of the ways in which 
water is used by animals. 

*2, Why must green plants have light? Explain the 
reasons briefly. 

*3. Name some plants that grow best in the dark. 

4. Is it easier for plants and animals to live on land 
or in water? Give reasons for your answer. 

*5. Do both plants and animals need soil? Explain your 
answer. 

*6. What kind of place is necessary if living things are 
to exist? That is, what do you think are the conditions and 
materials absolutely necessary for life to continue? Take 
both plants and animals into consideration as you prepare 
your answer. 

7. How are the plants that live in a desert different 
from those that live in a forest? Do you think these dif- 
ferences help the plants to live? Why? 

8. (a) Name three animals that live only in water. 
(b) How are these water animals different from those that 
live on land? Make a list of differences. 

9. Give three examples of ways in which plants protect 
themselves from animals. 

10. How is man well fitted to his surroundings? How is 
he poorly fitted? 

*11. Make a list of some of the ways in which animals 
are fitted for getting and using food. 
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Fig. 138. We see flowers and snow at the same time in this meadow 
high on a mountainside, above the line where trees will grow. These 
plants can grow here in such abundance because they are especially 
fitted to live in these surroundings. (Cfliicago Museum photo) 

LOOKING AHEAD TO UNIT 3 

D O YOU ever expect to see a fish walk on dry land? If 
you were chasing a squirrel in the woods, would you 
expect it to jump into a pond and lie hidden under the 
water until you left? Would you expect to find a green 
frog a mile from any water? If you live in the northern 
part of the United States, would you expect to find a palm 
tree growing in the woods? Did you ever see a chicken 
walk into the water and start swimming around? Would 
you expect to find a banana tree growing on top of a 
high mountain or ferns growing in the middle of a desert? 

If you answered “no” in reply to each of these questions, 
you were correct. You probably had no difficulty in 
answering the questions correctly. Suppose, however, that 
someone disagreed with you. Could you give a reason for 
your answer in each case? For example, why do you never 
expect to see a fish walking on dry land? You might say, 
“A fish cannot get food on dry land because it cannot 
move around. It cannot live on dry land because it cannot 
get oxygen from the air.” These would be good reasons, 
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Fic. 189. In what parts of the world are monkeys found Do they 
live in open plains, <leserts, swamp lands, or forests? These baboons 
live in a zoo, but their surroundings are similar to their rocky native 
home. (Photo by De Cou from Kwing Galloway, N. Y.) 

and perhaps you could also explain why you would not 
expect to find the other living things in the surroundings 
mentioned. 

Fish do not walk on dry land; squirrels do not hide in 
the water; palm trees do not grow in the north wotxls; and 
banana trees do not grow on mountains. Why not.^ Be- 
cause they do not have the kind of structure needed to 
keep themselves alive in these places. Their bodies are 
made in such a way that they can keep alive only in cer- 
tain kinds of surroundings. The structure and the habits 
of every plant and animal must be fitted, or adapted, to 
the conditions found in the place where the plant or 
animal lives; otherwise it will die. 

When you visit a zoo, you see animals that come from 
many different places. Some come from the dry desert; 
others, from the hot, moist tropics; and still others, from 
the frozen regions of the northland. Have you ever noticed 
how differently these animals are housed and cared for? 
The keepers are careful to make their new homes as much 
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like their natural homes as possible. The penguins and 
polar bears are given the coolest places, with ponds and 
streams of cool water in their cages. The desert reptiles 
have warm, dry places with sand on the floors. The sea 
animals are put in salt water brought at great expense 
from the ocean. And each kind of animal is fed the kind 
of food needed to keep it healthy. The keepers know that 
each animal is fitted to live amid certain conditions of 


temperature, moisture, food materials, etc., and tliese (ion- 
ditions must be provided if the animal is to live. 

The place in which an animal lives is called its habitat. 
Let your mind wander all over the world to tlie different 



places about which you have read m 
or which you may even have I 
visited. Think of all the different H 
kinds of habitats. There is scanrely I 
a place on earth without its plants I 
and animals, yet how different K 
these places are and how differc^nt m 
the plants and animals that inhabit 
t hem ! There are thousands of miles p 
of dry desert — some hot and some m 
cold; there are the dark depths of ^ 
the oceans; there are the warm % 
islands of the South Seas and the 
ever-cold regions of the North and 
South Poles; there are mountains 
that rise thousands of feet into 
the air. Yet plants and animals 
live in all these places. 

But you do not have to wander 
over the world to find different 


you say about conditions 
for living in this habitat? 


kinds of habitats. Think about the (Ewing Galloway photo) 
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place where you live. Are there rivers, creeks, lakes, or 
swamps near by? Are there high hills, deep forests, and 
open fields? Each of these is a different kind of habitat, 
and certain plants and animals that live in one of these 
places will not be found in the other places because they 
cannot stay alive in the other places. 

Now you already know that every plant and animal 
must be able to do certain things in order to stay alive. 
Living things must be able to get oxygen, food, and water; 
they must be able to reproduce more living things like 
themselves; and they must be able to protect themselves 
from their enemies. In Unit 2 you learned that plants and 
animals are made in countless different ways. The way in 
which an animal is made, that is, its structure, determines 
where it can live and how it gets the things it needs to 
stay alive. In this unit you will learn why an animal or a 
plant that can live in one place cannot live in another 
place. You will learn what kinds of structures plants and 
animals have in order that they may live in different 
kinds of habitats. 

Why is adaptation to habitat so important? You have 
probably already guessed the answer. Adaptation is a 
matter of life and death. What happens when we have 
an unusually hot, dry summer in a place where rainfall is 
usual? Millions of plants and animals die. What happens 
when we have a long, cold winter in a place where mild 
winters are normal? Millions of living things are killed. 
Cut down the forests and drain the swamps, and you 
either destroy or drive away countless plants and animals. 
All these things happen because the conditions of the 
habitat are changed, and the plants and animals cannot 
live amid the changed conditions. They must either move 
out or die. 



Fig. 141. Many kinds of water plants and animals live in the swampy 
Everglades of Florida. Often the water is completely covered with 
great masses of floating water hyacinth, as shown in parts of this 
picture. (James Sawders photo) 

Problem 1 : 

HOW ARE ANIMALS AND PLANTS FITTED TO LIVE IN WATER? 

B efork you begin to learn how animals and plants live 
in water, think about the water habitats that you 
know best. If you live near the ocean, you will think of 
salt water with its seaweeds, starfish, and sea-anemones 
in the pools left by the tide and of lobsters, oysters, and 
clams. If you live in the mountains, you will imagine the 
cold mountain streams and lakes. Perhaps you will think 
of your favorite deep fresh -water lake, of a wide river, of 
a shallow pond with water-lilies, of a great swamp, or of a 
deep ocean. 

In all of these water habitats the conditions are differ- 
ent in some ways, but in all of them plants and animals 
are able to get the necessary things for living. Let us see 
how plants and animals are adapted to water habitats — 
even to such a habitat as the deepest parts of the ocean, 
where the conditions are very different from those in 
other water habitats. 
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Fig. 142. Although the turtle spends most of its life in water, it 
breathes by means of lungs and must therefore come to the top for 
air, except <luring the winter, when it hibernates in the mud at the 
bottom. (L. W. Brownell photo) 

H OW ARE EIVINO THINGS FITTED TO CtET OXVC^EN FROM 
THE WATER? One of the great differences between 
living in water and living on land is the fact that ilu' jilant 
or animal living in water must be able to get its oxygen 
from the water rather than from the air. The oxygcui, as 
you know, is dissolved in the water. This oxygen simply 
diffuses {Book pp. 308-370) into simpler animals, sueb 
as the ameba, the parameeium, and the sponge. 

The fish, a more eompliealed water animal, has gills. 
These gills are feather-like struetures with very thin walls. 
Using its mouth as a water pump, the fish kee])s a (Tir- 
rent of fresh water flowing in through its mouth and out 
past the gills. The gills 

stream backward in the ^ - 

water like curtains in the . 

wind. Between the w ater ■. / ; 

and the blood of tfie fish 

there is only a very, very ^ ^ ■ 

thin layer of cells. The oxy- A 

gen from the water can 

these cells into the blood, r , . . . . . 

and carbon dioxide from oover is turned back to show the 
the blood can diffuse out gills. 
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into the water. The used water keeps flowing away, so 
that there is always fresh water next to the gills. 

One of the curious adaptations for life in the water is 
shown by the alligator. This animal breathes by means of 
lungs. It cannot get oxygen through its skin; so it must 
come to the surface to breathe. 

In the nostrils and throat of 
the alligator are membrane-like 
valves. The animal takes a long 
breath at the surface. Then it 
closes these valves while it dives 
to avoid enemies or to pull its 
prey under the water and hold 
it there to drown. The valves 
hold the air in the air tubes and 
lungs and keep the water out. 

Plants, of course, have no 
difficulty in getting oxygen from 
the air dissolved in water. The 
leaves of water plants are very 
thin-skinned, and oxygen can 
pass directly through them. 

Some water plants, such as the 
water-lily, have large leaves 
that float on the surface of the water. These plants ob- 
tain oxygen through pores, or stomata, that are located 
on the upper surface of the leaf. Land plants have 
stomata on both sides of the leaf. Not many plants as 
large as trees or shrubs can grow in the water. But the 
mangrove, a tree that grows in the shallow water along 
the muddy coasts in the tropics, is especially adapted 
for obtaining oxygen for its roots. The roots grow 
beneath the mud, but they send up branches, or air roots. 



Fig. 144. The larva of the 
Dobson fly lives in the water 
and gets its oxygen from the 
water by means of these 
feathery gills. (P. S. Tice 
photo) 
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Fig. 145. The woody 
shoots growing up from 
the roots of the man- 
grove are breathing or- 
gans. They take in air 
for the roots growing in 
the mud where there is 
little oxygen. (Chicago 
Museum plioto) 


above the mud. The air enters the 
roots through special pores in the 
bark and goes down to the under- 
ground roots through air passages. 

Self-Testing Exercises 

1. How do simple animals and 
plants get oxygen? 

2 . How do fish get oxygen from 
the water? 

3. How do the roots of mangroves 
get air? 

Problems to Solve 

1. Find just how the gills of a fish 
are arranged. Catch a fish or buy one 
from a fish market. Use scissors to 
cut the gill cover at top and bottom. 
Remove it and study the gills. 

2 . Watch a goldfish in an aquarium. 
How does it keep fresh water in con- 
tact with its gills? 

3. Why are gills of little use in dry air? 

4. Get some kind of plant that lives 
under water and examine it carefully 
to see if you can tell how it gets air. 


H OW ARE Livmci THINGS BITTED TO MOVE THROUGH THE 
WATER? You live in an ocean of air, but you seldom 
notice the resistance of the air unless the wind is blowing. 
You can walk or run through it without difficulty. But if 
you try to run in water, you find that the resistance of 
the watei* is so great that it is hard to move with any 
speed. You can, however, move endways through the 
water by kicking your feet and using your arms as 
paddles. A man in water is, however, no match for a fish. 
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To swim, a fish bends its tail back and forth. The tail 
is wide and flat so that it forms a good propeller. The 
body of a fish is shaped so that it slips through the water 
easily. We say that it is streamlined. Furthermore, the 
skin of a fish is covered with slime, or mucus, and the 
scales of most fish point backward. The arrangement of 
the scales and the mucus that covers them reduce the 
friction between the body of the fish and the water. Thus 
the structure of a fish fits it to get around easily in a 
water habitat. 

What other kinds of water animals do you know? No 
doubt you can name a number of them, including frogs, 
alligators, turtles, muskrats, beavers, seals, and whales, 
and you can think of birds, such as penguins and ducks, 
that are almost as much at home in the water as the other 
animals. But all of these animals must get oxygen into 
their bodies by breathing air into lungs; therefore they 
are really not completely fitted to live in water. 

All of these water animals that move rapidly have 
streamlined bodies, those of the seals and whales being 
most nearly the shape of a fish’s body. These last-named 
animals also have flat tails and legs, called flippers, that 



Fig. 146. The northern niu.skellunge is one of our largest fresh-water 
fish. Its long, streamlined body makes it also one of the swiftest 
moving fish. (Chicago Natural History Museum photo) 




Fig. 147. I'hese seals may look awkward on land, but their fish-like 
bodies, flat tails, sleek fur, and flippers help them move very easily 
in the water. (American Museum photo) 

act more like fins than legs. Except for breathing air, they 
are almost as much at home in the water as the fish. The 
water animals that spend part of their time walking about 
on land have quite good legs, but their toes are connected 
by strips of skin, forming ‘‘webbed feet’’ that are good 
paddles for swimming. 

You can get an idea of another condition found in a water 
habitat by recalling an experience that almost everyone 
has had. Did you ever fill a bathtub full of water, lie 
down in it, and then press your hands against the bottom? 
If you have done this, you have noticed that you could 
lift your whole body very easily. As you already know, 
objects in water are buoyed up by a force which is equal 
to the weight of the water that they displace (Archimedes’ 
Principle, Book 2^ pp. 193-197). This lifting effect of water 
is a kind of condition that is quite different from any 
condition on land. A plant or an animal that lives in 
the water has a large part of its weight supported by 
the water. 

Now our question is. How are animals and plants fitted 
to this condition? A fish will give us a good illustration. 
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Fig. 148. This diagram shows the location of the air bladder in the 
perch. Notice that it takes up a considerable amount of space. 

As you watch most fish in the water, you see that they 
seem to float at any depth without effort. To do this, their 
bodies must have the same average weight (density) as 
the water. But the muscles and bones that make up the 
larger part of a fish’s body are heavier (more dense) than 
water; that is, a cubic inch or foot of muscle or bone 
weighs more than a cubic inch or foot of water. Therefore 
the fish would sink to the bottom if it did not have some 
structure to help it float. 

Most of the common fish have such a structure. It is 
an air bladder inside their bodies just below the backbone. 
This bladder works on the same principle as the water 
wings that children use before they learn to swim. This 
bladder is just the right size to have the water support 
the fish. In this way most fish can without effort remain 
at any reasonable depth and rest motionless in the water. 
Fish that have no air bladder either rest on the bottom 
most of the time or keep swimming to avoid sinking. 

You can see that the air bladder is a very good adapta- 
tion to water life. The lungs of air-breathing water 
animals act much like the air bladders of fishes, so that 
their bodies are the same density as the water or just a 
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little lighter. Progs, crocodiles, and hippopotamuses can 
just float in the water. The eyes and nostrils of these 
animals project. Thus they can see and breathe above 
the surface while floating almost hidden in the water. 

There are also other ways in which an animal may be 
adapted to take advantage of the lifting effect of the 
water. You have probably heard that fat people can float 
more easily than thin people. If you put a lump of butter 
in water, you can see why. Butter is largely fat, and it can 
float. An animal that has a great deal of fat or oil stored 
in its body thus weighs less than the water it displaces. 
Most small floating crustaceans contain little bubbles of oil 
scattered through their bodies. These liquid bubbles, being 
lighter than water, enable the animal to float. 

The lifting effect of water also makes possible animals 
that would not otherwise exist. For example, what do you 

suppose would happen to a 
jellyfish (page 97) if it were 
brought out on land? In 
the water jellyfish are bell- 
shaped creatures, sometimes 
of great size. But ninety per 
cent of a jellyfish’s body is 
water. It displaces its own 
weight in water; therefore 
it floats. On land it would 
collapse into a shapeless 
mass. It has no bones or 
hard parts to support its 
body. It does not need these 
in water because it does not 
have to support its weight. 
The largest animals in exist- 



Fig. 149. The large air-fille<l .sac 
acts as a float for this animal, 
known as the Portuguese man- 
of-war. (Amer. Mus. photo) 


Fig. 150. The water hya<*inth is not attached to soil in any way, bin. 
floats about on the surface of the water. The ]>lant is buoyed up by 
the bladder-like enlargements of the leaf -stems, or 'petioles, 

ence today are whales. They may reach a length of 
ninety-five feet and a weight of nearly 300,000 pounds. 
Such an animal could not exist on land, because it could 
not have bones large enough or strong enough to support 
such a tremendous weight. 

Plants, too, have adaptations that fit them for life in 
the water. Air spaces in leaves and stems help them to 
float upward toward the stronger light near or on the sur- 
face. Many water plants even have bladders in their stems 
and leaves to help them float (Figure 150). You can see 
that stiff stems and branches are not needed to support 
water plants ; they are supported by the water. In another 
way the flexible blades and stems of water plants help 
them to stay alive: The plants can bend and sway easily 
as the water moves in currents and waves. If the stems 
and the leaves were stiff* and unyielding, as they so often 
are in land plants, the plants would be easily broken and 
washed away. 

From what you have just read, you can easily see that 
animals and plants living in water do not need a strong 
framework to support their weight. You can also see one 
reason why they could not stay alive on land. 
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Self -Testing Exercises 

1. Name two ways in which many water animals are fitted 
to move swiftly through water. Give several examples of each. 

2. Why can you move through the water by kicking your 
feet and moving your arms? 

3. Why will a fish with an air bladder float, while a fish 
without an air bladder will sink? 

4. Whales have a very thick layer of fat, or hlubher, under 
their skin. How may this help adapt them to live in water? 

5. What structures do water plants have that are not neces- 
sary for land plants? 

6. Why are stiff stems needed by land plants but not by 
water plants? 

Problems to Solve 

1. Why can you float in water more easily if you first take 
a deep breath? 

2. Find out how ducks are adapted to floating on water. 

3. If you can visit a pond or stream, find different kinds of 
water plants and discover what structures enable them to float. 

4. For what purpose does a goldfish use its tail? Its fins? 

5. Find out how beavers, crocodiles, frogs, crayfish, water- 
bugs, hippopotamuses, and turtles move through the water. 

H OW ARE LIVING THINGS FITTED TO GET FOOD FROM THE 
WATER? An animal that had no way of moving about 
on land would soon starve, because there is little, if any, 
food in the air around us. Almost every land animal has to 
move around in search of food. But conditions are quite 
different in the water. Microscopic plants and animals by 
the millions are floating in the water. It is not surprising, 
therefore, to find water animals that do not move about 
much ; they remain in the same place or move very slowly 
along the bottom. Several invertebrate animals are in 
this group: hydras, oysters, clams, and sponges. 




Fig. 151. The porpoise’s mouth is well adapted to caj>turing fish, and 
its sleek, streamlined body enables it to move swiftly through water. 
Porpoises belong in the same order with whales. (J. C. Harris photo) 

Hydras, with their relatives the sea -anemones, capture 
food, as you know, by shooting poison darts into animals 
that strike their tentacles. Clams, sponges, and other 
animals make currents in the water by means of cilia. 
These currents bring food particles and oxygen into their 
bodies and carry away carbon dioxide and other wastes. 
A fish can eat as it swims. The water coming in through 
its mouth brings in its food. As the water flows out 
through the gills, it passes a row of projections like the 
teeth of a comb. These structures are called gill rakers. 
You can see them in Figure 143. They let the water pass 
between the gills, but guide the food into the esophagus. 

Plants, of course, have no difficulty in getting minerals 
from the water. The outer layers of the roots of water 
plants are not thick like those of land plants. Water and 
minerals can be absorbed by the entire length of the root. 
Some w^ater plants do not have roots at all; they absorb 
materials directly through their green parts. 

Since plants need light for the manufacture of their 
food, adaptations that make it easier to obtain light are 
important in the life of water plants. Air spaces in leaves 
and stems help them to float upward toward the stronger 
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Fig. 152. The broad, flat leaves of the water-lily, floating on the sur- 
face, are fully exposed to the sunlight. (L. W. Brownell photo) 

light near the surface. Leaves of plants that grow below 
the surface of the water, where the light is dim, are very 
finely divided. Because of this, many more cells of the leaf 
are exposed to whatever light there is. The mermaid weed 
is a plant that shows this kind of adaptation in an inter- 
esting way. On the same plant the leaves that have grown 
under the water are divided into many small parts, while 
the leaves that grow above the water are broad and fiat. 

Self-Testing Exercises 

1. In what ways are conditions for food-getting different in 
water from what they are in air? 

2. How are water plants fitted for making food? 

3. How do different animals capture food floating in th^ 
water? Describe several ways. 

H ow ARE ANIMAL.S FITTED TO THE TEMPERATURE CON*. 

DiTiONS IN WATER? For an animal living in water, 
the weather must be somewhat monotonous. Of course, 
it is always wet, and temperature changes take place 
much more slowly than on land. The water does not cool 
off at night nor warm up much in the daytime. When 
summer comes, the water becomes warm very slowly, and 
it never gets as warm as the air on a hot day. When winter 
returns, the water also cools slowly, and it does not go 
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Fig. 1.53. Tins whale was protected from the cold by the thick layer 
of blubber that these men are cutting off in great strips for the purpose 
of getting the oil from it. (Paul’s Photos) 

below freezing temperature. Some ice may form on the 
surface, but beneath the ice the temperature of the water 
will not fall below freezing. This is quite different from the 
temperatures on land where it may be 40® below zero in 
the winter and as hot as 120® on a summer day. Animals 
and plants living in water do not have to be protected 
from blazing sun and biting cold. 

Some water animals, like the whale and seal, are warm- 
blooded. They are insulated from the cool water by layers 
of fat, or blubber. Fishes, amphibians, arthropods, clams, 
and many other animals are, as you know, cold-blooded 
animals. Their bodies stay at about the same temperature 
as the water. In winter, as the temperature goes down, 
these animals become less active, and at the freezing tem- 
perature they stop moving. They stay this way until the 
water gets warmer. As the water gets warmer, they 
become more and more active. Many of the invertebrate 
animals can remain in a temperature below zero for a con- 
siderable length of time; then, when they are gradually 
warmed, they “come to life” again. 
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Self-Testing Exercises 

1. How does the temperature of the water differ from that 
of the air? 

2. How are cold-blooded animals adapted to living in the 
water? 

3. How do warm-blooded water animals keep from losing 
their body heat? 

H OW ARE DEEP-SEA ANIMALS FITTED TO THEIR SUR- 
ROUNDINGS? Near the surface of water there is little 
pressure, but, as you learned in Book 3, for each foot of 
increase in depth the pressure increases almost one-half 
pound. At a depth of 100 feet the pressure is more than 
forty -three pounds per square inch, and a mile down in 
the ocean it is more than 2300 pounds per square inch. 
Animals have been brought to the surface from a depth 
of 23,000 feet. At this depth the pressure is about 10,000 
pounds per square inch. 

Curiously enough, the animals do not feel this pressure 
any more than you feel the atmospheric i)ressurc of fifteen 
pounds per square inch. The pressure on the outside is 
balanced by the pressure of the blood and of the fluids in 
the cells. You have probably heard that deep-sea fish 
explode when brought to the surface. This is true for 
those fish that have gas liladders, particularly if they are 
brought to the surface very rapidly. Many of the deep- 
sea fish do not have gas bladders and therefore may be 
brought to the surface without exploding. However, they 
are usually dead, and come up swollen and with their 
stomachs forced out of their mouths. 

Food-getting at great depths is quite a different prob- 
lem from food-getting near the surface of the sea. Light 
is quickly absorbed as it passes through the water, and at 
a depth of 300 feet there is total darkness. This means, of 
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course, that green plants cannot live at this depth. As a 
matter of fact, green plants are not found at a deptli of 
more than 150 feet. Thus there are no plants to serve as 
food for deep-sea animals. Practically the only food they 
get is obtained from the dead bodies of plants and animals 
that sink in the water. Of course, 
animals, but the population 
of the deep sea is not large; 
so this source of supply is 
very limited. 

Naturally, you would 
not exjjcct deep-sea fish to 
be very large, because of 
the small amount of food 
there is for them to eat. 

Most of these fish, even 
though they look so fero- 
cious in pictures, are not 
over a foot in length. 

Deep-sea fish differ greatly 
from those of upper waters 
in the size of tlu'ir jaws. Their jaws are out of proportion 
in size to the rest of their body. These jaws enable them 
to grasp the large bodies that sink slowly from above. 

The most curious adaptations of deep-sea animals are 
phosphorescent organs. 'IMiese organs give out cold light. 
They shine like phosphorus, or the glow of fireflies. Some 
of these organs ar(‘ like the headlights on an automobile, 
and they help the animal find its way about and discover 
food. Other phosphorescent organs arc in strange patterns 
over the body of the animal. These patterns apparently 
help the animal to identify other animals of its own kind 
and also its enemies. One kind of deep-sea fish has a kind 



FlO. i.> I*. UK* iiuara ui tm* 
sea angler fish is probably lu- 
minous. (Ainer. Museum photo) 
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of fishing rod on its head. On the end of the rod is a lumi- 
nous organ. The rod is hinged in the middle and is 
apparently thrown forward when its prey is attracted and 
then moved back, luring its prey close enough for its 


capture. 

You have probably heard of the cuttlefish that can 
squirt out a dark, inky liquid from its body. This liquid 
serves as a “smoke screen” to help the cuttlefish escape. 
Of course, a black liquid would be of no value far down in 
the sea where there is no light. Believe it or not, there is a 
deep-sea cuttlefish that squirts out a luminous cloud that 
baffles its pursuers and enables it to escape. 

Since there is little or no light far down in the water, 
you might expect to find that deep-sea animals have dif- 
ferent kinds of eyes from those possessed by shallow-water 
animals. The eyes of deep-sea animals are enormous, as 
compared with the size of the animal. In some animals 
the eyes occupy two-thirds of the whole head. The bigger 
the eye, the greater the amount of light that can be 
gathered by it. The lens of the eye, too, is constructed in 
such a way that the light is concentrated upon a very 



Fig. 155. A deep-sea fish with its strangely 
large mouth and its large eyes. (Chicago 
Natural History Museum photo) 


small portion of the 
sensitive back part, 
or retina. While most 
of the deep-sea fish 
have large eyes, in 
some kinds the eyes 
have degenerated ; 
that is, they have 
become less and less 
sensitive to light, or 
not at all sensitive 
to it. In some of the 




Fig. 156 . Although we usually see penguins strutting about on land, 
they are excellently adapted for swimming, with their paddle-like 
wings, webbed feet, and long bodies. (H. Armstrong Roberts photo) 

great caves of our country, where there are ponds and 
streams, there are actually blind fish. On these fish you 
can find only a spot where the eye used to be. In most of 
these animals there has been an increase in the keen- 
ness of other senses, such as touch. 

Self-Testing Exercises 

1. Name several ways in which dee])-sea fish are adapted 
to live at great depths. 

2 , Why do deep-sea fish not feel the pressure of the water? 

Problem to Solve 

Find out how men work under water. What precautions 
have to be taken to fit them to the increased pressure? 

W HAT ARE THE CONDITIONS OF A WATER HABITAT? As 
you think back over what you have just studied, 
you can see what the conditions in a water habitat are. 
The living thing is surrounded by water. This water 
exerts a lifting effect upon the living thing and helps to 
support it. Furthermore, water offers resistance to the 
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Fifi. 157. The surface of the water is coverecl with millions of minnows 
that could no longer live because the oxygen supply in the water be- 
came insufficient. For certain reasons the water stopped flowing at 
this particular spot. Soon the minnows used up all the oxygen, and 
there was no fresh supply of water to bring in more oxygen. (Chicago 
Tribune photo) 

passage of objects through it. This resistance has two 
effects: (1) It enables the living thing to pass through the 
water by moving some part of its body, such as its tail or 
fins or legs. The moving part really pushes against the 
water, and in this way the animal moves itself. (^) It 
hinders the passage of living things through the water 
and makes nec*essary a streamlined body if the living 
thing is to move at all swiftly and easily. 

The water also contains oxygen dissolved in it. Since 
there is no danger of drying in a water habitat, and sinct^ 
there are no grt'at changes in temperature, living things 
do not need thick skins for protection. Many water ani- 
mals and plants can absorb oxygen directly through the 
skin; others have gills that take oxygen from the water 
that passes over them. Food, tt>o, is easy to get in water, 
because the water contains millions of tiny plants and 
animals. 

You have been reading only about the conditions that 
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we usually find in water habitats. There are many differ- 
ent kinds of water habitats, each of which has a different 
set of conditions. All of the conditions that you have read 
about are present, but they differ greatly in some respects. 
You can easily see that the conditions in a shallow pond, 
a deep fresh-water lake, the cold springs under the surface 
of the ground, the running water of a brook or river, the 
shallow water of the seas, and the deep water of the oceans 
are very different. 

You will find that there are different kinds of plants 
and animals in each of these different habitats. Each kind 
of living thing is so constructed that it can live in habitats 
that have certain conditions. Most living things cannot 
migrate to other habitats if the conditions become un- 
favorable in the habitat where they are living. If the 
conditions in any habitat change a great deal, usually 
most of the living inhabitants die, as shown in Figure 157. 

Self-Testing Exercise 

Make a list of the conditions in a water habitat that are 
different from those in air. 

Problems to Solve 

1. Make a list of all of the ways in which a fish is adapted to 
live in a water habitat. 

Make a list of all the different kinds of body structures 
that you can find to fit animals for support and locomotion in 
the water. 

3. How are the following animals adapted to water habitats; 
squid, octopus, hippopotamus, wading birds Choose one or 
two of these animals and learn all that you can about them from 
reference books. Then list the ways in which they are fitted 
for the kind of life they lead. Do not depend on the books to 
tell you all the adaptations. Think of them yourself. 




Fig. 158. The trees in this “forest” near Tucson, Arizona, are the 
strange giant cacti that are so well adapted for life in desert regions 
where there is little moisture. (K. C. Hamner photo) 


Problem 2: 

HOW ARE ANIMALS AND PLANTS FITTED TO LIVE ON LAND? 

W HAT ARE THE CONDITIONS OF A LAND HABITAT? As 
you think back over what you have studied, you can 
see that the conditions of a land habitat are vastly differ- 
ent from the conditions in a water habitat. On land the 
living thing is surrovinded by air. Unlike water, the air has 
almost no lifting effect; therefore land plants and animals 
need a framework to sux>port the weight of the body. Also, 
it is easy to move through air. In studying adaptations to 
land life, you will learn how living things support them- 
selves on land and how they move on land or in air. 

You know that all living things must have water. On 
land the drying effect of the air and the heat from the sun 
have made necessary the development of structures to 
prevent the liquid part of the body from evaporating. 
Furthermore, land animals and plants must have struc- 
tures to get air into the body, because air has in it the 
oxygen that living things need. The temperature of the 
air varies so greatly that land animals have developed 
structures to protect themselves. 
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Fig. 159. This speeding herd of pronghorn antelopes was photo- 
graphed from an airplane directly overhead. The antelope is one of 
the swiftest moving of land animals. (Charles J. Belden photo) 

Like water, the land has a great variety of habitats, 
and the conditions are different in each of them. The 
conditions in a desert, in a tropical forest, on the plains, 
in the far north, and on a mountain top are greatly differ- 
ent. Each different kind of land habitat has its own living 
inhabitants that are adapted to live in the conditions 
that are found there. 

H ow ARE LIVING THINGS FITTED TO MOVE THEIR BODIES 
FROM PLACE TO PLACE? Being a land animal yourself, 
you already know many things about the conditions of a 
land habitat. You yourself are adapted to live in such a 
habitat. If you have never thought about how you are 
fitted to live on land, you might look yourself over and see 
how the various structures that you possess are adapted 
to the conditions of land life. As you read through the 
sub-problem, you can find other adaptations. 

An animal living on land has the solid earth beneath it 
and the air around it. The air, being very light, has prac- 
tically no lifting effect. This means, therefore, that an 
animal must be constructed so that it can support its own 
weight. A few animals, such as the earthworm and snake. 
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lie flat along the ground, but most of the animals you 
know have legs that lift their bodies off the ground. 

When the body of an animal is lifted off the ground by 
legs, strong bones and ligaments are needed to tie those 
bones together. Strong muscles are also necessary to hold 
the parts of the body in a proper position. Insects, of 
course, have no bones, but they do have hard parts on 
the outside of their bodies to which the muscles are 
attached. Their weight, however, is so small that these 
hard parts are strong enough to support their bodies. Any 
animal whose body is supported by legs must have a more 
or less rigid framework. 

Unlike water, the air around us offers little resistance to 
our bodies as we push through it. This is quite an advan- 
tage to animals, because it helps them to move at a much 
higher speed than water animals. This small resistance of 
the air, however, makes necessary a different type of 
locomotion from that used by water animals. You can 
throw your hands around like a windmill and kick your 
feet, but still you cannot move. Fortunately, the land 
beneath your feet is solid. If you push against it, it will 
not move out of the way as water and air do. 

The best kind of structure for moving on a solid surface 
such as land is two or more legs. Y on push one foot ahead ; 
then you rest your weight on it, and draw up the other 
foot and place it ahead. On solid land or on sidewalks and 
streets you do not slip; thus you move your body forward. 
Otljer animals with legs move somewhat in the same 
manner. Because of the friction between the animal’s feet 
and the ground, the animal can push or pull its body 
along the ground. 

Some animals, such as birds and insects, can fly 
through the air. They are really heavier-than-air flying 



Fics. IGO. A comparison of a waicr bir<l with a s<'aplane. The Ttnlians 
in South Aincric*a call an airplane a “Thunderbird/' Do you think 
this is a good name for it? 

machines. But their bodies are adapted for this purpose. 
Actually the weight of a bird is ratlier small, considering 
its size. Perhaps you did not know that the long bones of 
the bird are hollow and that there are air s])accs in its 
body. This cuts down the weight of the bir<l. When a bird 
is flying, its wings beat the air and serve the same purpose 
as the propeller of an airplane. When a bird is soaring, its 
wings can be placed at a cx)rre(tt angle to the air currents. 
Short feathers on the rest of the body keep it streamlined 
so that it will not offer much resistanc^e lo the air. 

Plants, too, need structures to su])j>ort their weight on 
land. When water plants are brought out on lan<l, they 
collapse because they have no stiffening striudures in their 
vstems. In land plants there are long fibrous cells contained 
in the vascular bundles. These cells dovetail with each 
other and give strength to the stem. If you have ever 
tried to break a fairly large twig from a tree, you have 

169 




Fig. 161 . Rope and cables are made from fibers taken from the hemp 
and jute plants. If you try to pull a tiny strand of rope apart, you 
can see how strong these fibers are. (Ewing Galloway photo) 

seen how difficult it is to twist it from the tree. The fibers 
are so strong that a young tree can be bent almost to the 
ground by the force of the wind without breaking off. 

Self-Testing Exercises 

1. How is moving on land different from moving in water? 

2. How do land animals support their weight? 

3. How is the weight of land plants supported? 

4. How are birds adapted for flying? 

Problems to Solve 

1. Find out how “flying” squirrels and “flying” fishes are 
fitted to move through the air. 

2. Why is it more difficult to walk on ice than on soil? 

3. Find out how the feet of animals are adapted for different 
kinds of land conditions. Consider the camel, the elephant, the 
deer, and the lion. 

4. Think of all land animals as either walking, crawling, 
climbing, or flying animals. Make a list of animals in each 
group, and study the structures that help each animal to move 
in the way it does. For example, why can cats climb trees, 
while dogs cannot do so? 
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F*ic. 162 . The white dots along the side of the ('ec!ropia moth larva 
are openings through which air enters. (Geo. T. Hillman photo) 

H OW DO PDANTS AND ANTMADS GET OXYGEN FROM THE 
AIR? Living in an ocean of air presents still another 
problem. Living things must be able to get oxygen out of 
the air. Many of the animals living in water can get the 
dissolved oxygen in water by absorbing it through the 
thin walls of their bodies. But if water and oxygen (‘an 
pass through the body from the outside to the inside, they 
can also pass in the other direction. A skin that allows 
water and oxygen to soak through it will not protect the 
animal from the drying effect of the air. The structures of 
a land animal must be such that it can get water and 
oxygen from its surroundings and that it can keep the 
water that it needs. 

All reptiles, birds, mammals, and many adult amphib- 
ians breathe by means (rf lungs. Air is taken into the lungs, 
which are surrounded by tiny blood vessels. Oxygen passes 
through the thin walls of the lungs and blood vessels to 
the blood. Carbon dioxide passes from the l)lood to air in 
the lungs and is then expired from the body. Insects 
have a different method of getting air. A system of air 
tubes runs through their bodies. These air tubes have tiny 
openings on the skin. The air is pumped in and out of 
these openings by the expansion and contraction of the 
body. Land animals thus need structures to enable them 
to get air into their bodies, where it can come in contact 
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Fig. 1(>3. This photograph shows 
lenticels in the >)ark of the bass- 


Fig. lf>4. The so-called “horned 
toad’’ is a desert lizard. It has a 


wood. (G. D. Fuller photo) 


thick skin. (Brownell photo) 


with the blood vessels that carry the needed oxygen to 
all parts of the animal’s body. 

Plants, of course, have no lungs or other organs to 
pump air in and out of their bodies. The molecules of 
oxygen diffuse in through the stomata, which are tiny 
pores in the leaves. The bark of trees and shrubs also has 
pores that let oxygen diffuse through the thick corky 
layers that protect the stem. These pores, called lenticels^ 
are important to plants because they make it possible for 
the living cells beneath the cork to get oxygen. 

H ow ARJE niVlNG THINGS KKPT FROM DRYING OUT IN A 
LAND HABITAT? If you Icavc a drop of water on the 
table for awhile, you know what will happen. It will evap- 
orate. A wet cloth will also become dry by the evaporation 
of water. Pxactly the same thing would happen to the 
licpiid part of your body if there were no means of pre- 
venting it. A large per cent of the bodies of all animals is 
water. There is water in the cells of animals, water makes 
up the liquid part of the blood, and water is a necessary 
part of all the digestive juices. If an animal is to keep on 
living, it must have some way of keeping the liquid part 
of its body from evaporating. Of course, this is easy for 
water animals. They are surrounded by water at all times. 
172 
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When we study the structure of land animals, we find 
that they have thick skins. These skins are water-tight. 
Not only do most of the animals that you know have 
thick skins, but their bodies are covered with fur or hair. 
This fur or hair still further protects the body of the 
animal from drying up. 

One of the animals most remarkably adapted to its 
habitat is the camel. One species of the camel lives in a 
region of drought, sand and rock, and little vegetation. It 
must withstand the burning heat of the sun. In a place 
such as this it may be a long time between drinks. But the 
camel is ready for such an emergency. Its stomach is 
supplied with water-storing sacs. Perhaps you have heard 
that a camel can go five days without a drink. Now you 
see how this is possible. 

Food, too, is scarce in the desert, but the camel is also 
provided with a pantry. Food is stored in its hump. When 
the camel is well fed, this hump is large, but the hump 
gradually shrinks during long hard labor with little food. 
These two adaptations, together with its shaggy coat, its 
padded feet, and its long overhanging lids and eyelashes 
which protect its eyes from the powerful rays of the sun, 
fit this animal to live very well in a habitat where few 
animals can live. 

One land animal that you have studied, the earthworm, 
does have a thin skin. It can also breathe through this 
skin. The body of an earthworm, however, is covered by a 
slimy sort of liquid that keeps the skin moist. The earth- 
worm stays in the ground during the daytime, so that the 
sun never gets a chance to shine on its body. The drier it 
is, the deeper into the ground the earthworm digs. At 
night, particularly when there is a heavy dew, it comes up 
to feed. While the earthworm is not adapted to living a 



Fkj. 1(>5. The leaves of the mullein are covered with hairs that pr<>b“ 
ably reduce the c^irculation of air close to the surface of the plant; 
therefore evaporation cannot go on so rapidly. (Brownell photo) 

life above the soil, it is fitted to live beneath the ground. 
All animals, however, that live on the surface of the 
ground, where their bodies are exposed to the rays of the 
sun, must have a thick skin or other structures to keep 
their bodies from losing their water content. 

Protozoans and other microscopic animals usually form 
a thick outer coat around their bodies when they begin 
to lose water. Tlien they pass into an inactive state. When 
water is again available, they soak it up and start an active 
life again. 

Plants are fittctl in many ways to prevent the loss of 
too much water. Water is constantly being evaporated 
into the air from the leaves through stomata. The guard 
cells on either side of the stomata regulate the opening 
and closing of the pores, an<l in many plants this regula- 
tion helps the leaves keep their moisture. As a further 
protection, most of the stomata are located on the under- 
side of the leaf, where they are partly protected from the 
hot rays of the sun. Many leaves have a layer of special 
material on their epidermis. This acts as waterproofing 
for the leaf. 
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Plants in the desert, where the air is hot and dry, show 
the most marvelous structures to prevent the loss of 
moisture. The cactus is a good example. The leaves of the 
cactus are very small (the thorns or spines are really 
leaves), or else there are none at all. The work of photo- 
synthesis is carried on by the swollen steins of the plant. 
The amount of surface exposed to the air is very small as 
compared with the volume of the stem. During periods 
of rain the thick fleshy stems of (*actus can store water 
for the dry times ahead. 

Self-Testing Exercises 

1. Why must the bodies of land animals be protected from 
drying? 

2. How are the bodies of animals protected from drying? 

3. Why do earthworms die if exposed to 
sun for a time? 

4. How is the camel adapted to live in the 
desert? 

5. How are plants protected from drying? 

Problems to Solve 

1. Why is a frog not entirely adapted to 
living in air? 

2. Why does a fish soon die if left out 
of water? (There may be several reasons.) 

3. Why is it advantageous for mow 
stomata to be located on the underside of 
leaves than on the upper side? 

4. Examine plants grown in a rock garden. 

How do they differ from the plants we 
ordinarily grow in gardens? 

5. Work out a good explanation of how 
hairs on a plant cause slower evaporation. 

Find specimens of hairy plants. 


the rays of the 



Fig. 166 . Cactus. 
Spines and fleshy 
stem. (Chicago 
Museum photo) 




Fig. 167. A snarling wild- Fig. 168. The biting mouth-parts of the 
eat shows his teeth. stag beetle (P. S. Tice photo) 


H OW ARE LIVINCJ THINOS FITTED TO GET FOOD IN A LAND 
HABITAT? Unlike the water, air has little, if any, food 
floating in it tliat can be taken by the animal as tlie air 
moves by its body. Consequently, we do not find land 
animals that are fixed to a certain spot, like a sponge. 
Land animals must move around from place to place to get 
their food. They can do this because they have structures 
for moving themselves. Like water animals, land animals 
have parts that enable them to seize their food. Jaws, 
claws, beaks, teeth, and rasping tongues are some of the 
structures that help animals to get food. 

Plants living on land must be quite different from plants 
living in water. You already know some of these differ- 
ences. Land plants must be able to get carbon dioxid(‘ 
from the air. The leaves of plants are arranged on a tree 
in such a way that they may get the greatest amount of 
light energy from the sun. Land plants need well-devel- 
oped root systems. Trees, for example, must send their 
roots many feet in all directions to get the necessary water 
and minerals from the soil. Many roots give off acids that 
can dissolve the minerals in the soil so that the plant can 
use them. The stems, too, need tissues to transport water 
and minerals from the roots to the leaves, and they need 
other tissues to transport the manufactured food to the 
cells of the plant. 
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Self-Testing Exercises 

1. Why would an animal tliat is unable to move have a 
difficult time living on land? 

In what ways is the structure of a land plant different 
from that of a water plant? 


H OW ARE LIVING THINGvS FITTED TO THE TEMPERATURES 
OF THEIR SURROUNDINGS? Ill the middle and northern 
parts of the United Stales, as well as in other parts of the 
w'orld, there are great changes in tcm})eratiire during the 
year. The temperature at one place may fall as low as 40® 
below zero in the winter and rise as high as 120° in the 
sun during the sumnicr months. Many plants, such as 
trees and bushes, and many animals, such as coyotes, 
bears, deer, wolves, opossums, raccoons, and woodchucks, 
can live all the year round in these regions. To do this, 
they must be able to adapt themselves to this great range 
of temperature. 

You already know one \va> 
in which animals are adapted 
to live under different condi- 
tions of temperature. All of 
the animals mentioned above 
have a temperature-regulator 
inside their bodies. You your- 
self have one. Your tempera- 
ture stays always at about 
98.6° F. unless you are sick. 

Your body, as you know, is 
warmed by the oxidation of 
food in the cells. In cold Fig. 169. The African aard- 



weather oxidation is speeded 
up to keep the inside of your 
body warm. 


vark gets ants from the hard 
ant-hills with his strong claws, 
long snout, and sticky tongue. 
(Field Museum photo) 
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In warm weather oxidation becomes much slower. The 
blood is a kind of heat-distributing system like the 
pipes of a hot-air heating system. When the tempera- 
ture is cold, the blood vessels in your skin contract, 
and the blood is sent to the inner parts of your body. 
In this way little heat is lost from your body. When the 
temperature is warm, your body must lose heat. The 
blood vessels in the inner parts of your body contract, 
and those in the skin expand . More blood thus flows through 
the skin and loses heat by radiation and conduction. 

When it is very hot, or when you exercise vigorously, 
your body pours perspiration on the skin. This perspira- 
tion, which is largely water, evaporates. When water 


evaporates, heat is required. The heat comes from your 
body, and thus your body is cooled. Of course, we help our 
bodies to remain at the proper temperature by wearing the 
correct amount and kind of clothes. 
All warm-blooded animals have ways 
of keeping the temperature of the 
body the same at all times. Perhaps 
you have observed a dog when it is 
hot. It opens its mouth and “pants,’’ 
with its tongue hanging out. The 
rapid movement of the air past the 
tongue and the lining of the mouth 
and the throat carries away much 
of the heat as the liquid on these 
surfaces evaporates. 

Animals living in the far north 
must, of course, be able to withstand 
very low temperatures. These ani- 

the human skinrshow- a® Arctic fox, the 

ing sweat glands Arctic hare, and the lemming, have 
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Fig. 171. The outer hairs of the nmsk-ox may be as long as two feet; 
thus they provide a thick cover to keep the inner coat of wool quite 
dry. (Field Museum photo) 

a wooly undercoat. Outside this there is soft, silky outer 
hair. Animals living in cold climates also have a layer of 
fat beneath their skin. Fat is a good heat insulator and 
helps the animals keep their bodies warm. It also serves 
another purpose. During the long winter months, when 
food is scarce, the animals can draw on this reserve of fat 
for food. 

Other animats, such as woodchucks, raccoons, bats, and 
sometimes bears, seek a sheltered spot and pass into an 
inactive state, known as hibernation. While they are 
hibernating, the temperature of their bodies drops several 
degrees, and the rate of breathing and of the heart-beat 
slows down. Only very little energy is required to keep 
the animal alive. This energy is supphed by the fat stored 
in the body. Frogs, many insects, and snakes also hiber- 
nate during the winter. 

Plants, too, have structures that enable them to endure 
a great range in temperature. The structures that help 
plants to keep water also help to protect them from 
changes in temperature. During the winter months, when 
the ground is frozen, trees cannot get w'ater from the soil. 
They would soon lose their water content by evaporation 
from their leaves if it were not for the fall of the leaves 
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Fits. 17^. Some animals meet the problem of the change in tempera- 
ture during the winter by migrating . Kvery year many birds fly south 
at the beginning of cold weather and fly back at the beginning of 
spring. You have probably heard people say, “Well, spring is coming, 
the ducks are flying north.” (Kwing Galloway photo) 

during the autumn months. The evergreen trees that keep 
their leaves have leaves which are very narrow and thick. 
This size and shape prevent the loss of water during the 
winter months. Also, the leaves are coated with materials 
that are waterproof. 

Seif-Testing Exercises 

1 . How does your body (a) keej> itself warm in cool weather 
and (6) cool in hot weather? 

2. How are arctic animals protected from the cold? 

3. What are some of the ways in which plants are protected 
from hot and cold weather? 

4. Why is migration a valuable adai:)tation of animals? 

5. Explain why hibernation is called an adaptation. 

6. Compare the conditions present in a water habitat and 
in a land habitat. 

7. Explain why an animal adapted wholly to living in water 
cannot live on land. 

8. Explain why an animal adapted wholly to living on land 
cannot live under water. 
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Problems to Solve 

1. Make a list of the kinds of animals that hibernate. 

Make a list of the kinds of animals that migrate in spring 
and autumn. 

3. Watch some sparrows on a very cold day. What do they 
do to keep warm? 

4. Find out what happens to the coats of horses that are left 
out-of-doors during the winter. 

5. Learn from reference books the meaning of the word 
aestivation. Show how this is an adaptation. 

6. How is a dandelion fitted for life in its habitat? Consider 
all the dangers that dandelions meet when growing in a well- 
cultivated lawn where man is trying to get rid of them. What 
adaptations help them to continue growing there in spite of 
man’s efforts to get rid of them? Talk with people who have 
lawns to learn what they know about dandelions. 

7. Find out the kinds of adaptations that nocturnal animals 
have; for example, consider the cat and the owl. 

8. Why are toads not entirely fitted to life on land? If 
you do not know the life history of toads, read about it in refer- 
ence books. Or remember what you know about the reproduc- 
tion of frogs; the reproduction of toads is about the same as 
that of frogs. 

9. What adaptations are shown by each of the following? 
Choose one or two examples. Learn about them by observation, 
by reading, or by talking to persons who know. Then make a 
report to your class. 

Grasshoppers Bats Beaks of birds 

Bees {especially Flowers {and Teeth of mammals 

the legs) insects) Moles 

10. Collect some water plants and some land plants. Com- 
pare them as to their likenesses and differences. 

11. Find out how the feet of moles, squirrels, raccoons, 
gophers, and birds adapt them to the kinds of habitats in 
which they live. 




Fig. 173. A model of the dodo, a bird that could not survive because 
it was unable to protect itself. (Chicago IVIuseum photo) 

Problem 3: 

HOW DO THE STRUCTURES OF LIVING THINGS 
PROTECT THEM FROM THEIR ENEMIES? 

H OW ARK ANIMALS PROTKCTED? When the E>utch first 
colonized the island of Mauritius in 1644, they found 
there a bird which they called tlie dodo (meaning slug- 
gard), It was a stout, clumsy bir<l about as large as a 
swan. It liad short legs and could not run fast. It had 
small wings and could not fly. As it had no way of defend- 
ing itself, it was easily capture<l. It was also excellent eat- 
ing. The sailors and colonists killed dodos by the thou- 
sands. Pigs, dogs, and monkeys, brought by the early 
exj>lorers, joined in the destruction, and within thirty 
years the dodo was exterminated. Today there are no 
dodos anywhere in the world. 

Many stories can be told about species of animals that 
have become extinct because they lacked means of defense 
against their enemies. Those that have survived have some 
means of protection, or they have developed habits that 
help them to escape from their enemies. 
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Fig. 175. When disturbed, an armadillo rolls itself into a ball that 
exposes only the armor to the enemy. (Chicago Museum photo) 

The adaptations that plants and animals have for pro- 
tection can be compared to those nsed by man to protect 
himself in time of war. First come the different kinds of 
armor and other defenses that prevent injury. Most im- 
portant to animals in this connection is the skin and its 
adaptations. Practically all animals, except the very 
simplest kinds, have an outer covering that is much 
tougher than the inner parts and thus protects the soft 
inner organs. Many bacteria, fungi, and small parasites 
are kept from injuring animals because of this barrier. 

Attached to the skins of many animals are structures 
that make the skin even more effective in preventing 
injuries. Fish, lizards, and snakes have scales on their 
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Fig. 176. One can hardly distinguish the stripes of the tiger from 
the lights and shadows of the jungle. (Ewing Galloway photo) 

skin. Alligators and armadillos have a strong armor of 
horny plates. The porcupine has a skin covered with sharp 
‘‘needles” that stick into the dog or man who ventures 
to touch him. 

Turtles have a solid shell to protect the body from an 
ordinary attack. Some can even draw their heads and legs 
inside the shell. Snails and clams also have shells into 
which they can retreat from danger. Crabs, crayfishes, 
and insects have their skeletons on the outside of tlieir 
bodies, so that the hard parts not only serve as a frame- 
work but protect the internal parts from injury. Thus we 
find that all but the very simplest animals have protective 
walls around their bodies. 

But the skin and its covering have protective value in 
still another way. A great many animals are camou- 
flaged. They are not easily seen by other animals. This 
'protective coloration is very common. You do not need to 
go far to find examples. A gray rabbit sitting in a clump 
of grass or a quail brooding her eggs on the ground will 
usually be passed unnoticed. Deer are very inconspicaious 
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Fig. 177. In winter the feathers of the snowy owl change from spotted 
to white to match the wintry surroundings. 


in the shadows of tlie forest. Many leaf -eating insects and 
caterpillars are green. Grasshoppers are mottled and in- 
conspicuous in the half-dead grass of midsummer. 

If you study animals, you will notice that as a rule the 
undersides of animals are lighter in color than the upper 
sides. Even though some of them, such as the sloth and 
an insect called the backswimmer, have taken to traveling 



Brownell photo) 


sides are lighter colored. Viewed 
from beneath, against the light 
of the sky, such animals are not 
prominent. Seen from above, 
their dark upper sides blend into 
the surroundings. Seen from the 
side, no conspicuous shadows 
show on their bodies. 

In regions that have long win- 
ters with much snow, animals 
(change color with the season. 
Among these are the Arctic 
hare, weasel, lemming, and ptar- 
migan, In the summer they are 
gray or mottled, as are most 
animals of their kind. In the 
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Fig. 179. The spotted eggs of the killdeer blend in with the gray ana 
white pebbles around them. (L. W. llrownell photo) 


winter they get a new coat of white to harmonize with 
their snowy surroundings. A few animals, such as the 
chameleon and the tree frog, are able to change the color of 
their skins within a short period of time, so that they 
cannot be easily seen whether they are on green leaves or 
on gray bark. 

Some scientists have doubted that protective coloration 
has any value for animals. However, recent experiments 
show that it really helps. One man found some small fish 
that were colored almost like the dark bottom of the pool 
where they lived. He had others of the same kind that had 
been living in water where the bottom was light-colored. 
They, too, were almost the color of their home; that is, 
they were lighter in color. He put equal numbers of the 
two kinds in a pool with a light bottom. Then he borrowed 
a couple of penguins from the zoo and gave them a picnic 
catching the fish. After a time he took the penguins away 
and counted the fish to see how many had been caught 
and eaten. The penguins had eaten more of the dark- 
colored fish. 

Just to make sure that he was right in his conclusion, 
as scientists must be, he reversed his experiment. To do 
this, he put equal numbers of light-colored and dark- 
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±•'10. l«u. i^robabiy trie most perieot example or mimicry is tne ivai- 
lima buttt'rfly of India. When the insect is flying, it is very conspicu- 
ous; hut when it alights, it folds its wings and ap}>ears for all the 
world like a dead leaf, even to veins. (American Museum photo) 

colored fish in a pool with a dark bottom. Then he gave 
the penguins another picnic, and again the fish that were 
not adapted in color to their surroundings were the ones 
that got caught in largest numbers. Most of the fish 
caught by the penguins were light-colored. These experi- 
ments seem to show that color can really be a protection. 

A different method by which animals secure protection 
is to look like some other animal. This close resemblance of 
an animal to a different animal is called itiimicry, A com- 
mon butterfly, the viceroy, looks much like (mimics) the 
monarch butterfly, which birds do not like because of its 
disagreeable taste. A few harmless flies look almost exactly 
like bees. Some insect larvae, called “measuring worms,’* 
when at rest or disturbed, take positions on small branches 
so that they look just like twigs. The walking-stick really 
looks like a small stick. 

Animals have still other ways of avoiding the notice of 
their enemies. Many of them feed at night, when there is 
little light for them to be seen. Then they hide in dens or 
thickets during the day. They build their nests and rear 
their young in secluded spots or in holes in the ground. 
Animals are also protected by having keen eyesight and 
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hearing and an acute sense of smell. With these they 
can often discover an enemy before they themselves are 
seen or attacked. The ability to run or to fly rapidly then 
helps them in making their escape. 

There are times, however, when it is better to fight 
than to run away. Then offensive weapons are valuable. 
TTnrsps. Honkovs. and ostriches are able to drive off 
attackers by kicking them. Cattle and 
their relatives have horns. Wild boars 
have special teeth, called tusks, for 
'f' defense. Birds use their beaks; bees 

and wasps use their stings. Snakes 
use their fangs or squeeze their vio 
^ tims to death. Of course, most of 

j these weapons may be used for food- 

A they all have great 

protective value. In many cases their 
’ ft ■ chief use is for protection. 

1 PLANTS PROTECTED 

1 1 AGAINST BEING EATEN? Plants 
m cannot move about; so they are less 
' mw"'* able to defentl themselves than an- 

,5/ imals. However, many plants are well 

‘ .. protected against both animals and 
other plants, such as fungi, that would 
use them for food. Just as in the case 
of animals, our common plants have 
a protective covering, the epidermis, 
the cells of which are tougher than 
the cells beneath. The bark of trees 
prevents many injuries to the delicate 
tissues beneath it. Some plants have 
an unpleasant taste or odor; some 


nu. i»l. A sea-Jiurse 
that resembles sea- 
weed (American Mu- 
seum photo) 



Fig. 18*2. '^Fhistles have prickly leaves that help to protect the plants 
from animals that might otherwise eat them. (L. W. Brownell photo) 

are even poisonous. The plants with structures that best 
protect them are usually very pri>minent in pastures 
where horses and cattle have eaten the poorly protected 
plants. Wild roses, small thorny bushes, thistles, iron- 
weeds, and the hairy mullein stand almost or quite unin- 
jured by the animals. 

Have you now come to see that the world of living 
things is not entirely the peaceful, easy-going place we 
sometimes imagine it to be? There is a constant stmggle 
to get food — 'to eat without being eaten. Some animals 
and some plants are constantly being destroyed by others. 
The ones that are just a little better protected than the 
rest are able to survive in larger numbers. Those plants 
and animals that are least easily seen, least tasteful, or 
best protected by armor or weapons are in many cases 
the ones that will continue to live. If conditions of soil 
and moisture are favorable to their growth, they will be 
the plants that produce the next generation in greatest 
numbers. 

Self-Testing Exercises 

1. State the three general ways in which animals are pro- 
tected from enemies. Give an example of an animal that is 
protected in each way. 
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2 . Describe the experiment that was done to learn the true 
value of protective coloration. 

3. Name several ways in which plants keep from being 
eaten by animals. 

Problems to Solve 

1. Find a well-pastured field and notice carefully what 
plants have not been eaten by animals. Try to find out why 
in each case. 

2 . Do insects attack the plants that cattle and horses will 
not eat? 

3. What plants most successfully resist being destroyed by 
man? Study the lawns in your locality. Look also in paths and 
places where plants are beaten down. Collect and identify 
the kinds that seem best able to survive. Try to find out why 
they survive. 

Problem 4: 

HOW DO WE FIT OUR ENVIRONMENT? 

I N WHAT KIND OF HABITAT DO WE LIVE? As yoU haVC 
read about the adaptations of plants and animals, 
have you been thinking how you and your friends are fitted 
to the surroundings in which you live? Like other living 
things, man must be adapted to his habitat, or he cannot 
live. Let us first see what his habitat is. 

Of course we all know that man lives for the most part 
on land. But think for a few moments of all the countries 
you have studied in geography. How different they are! 
Some have tropical forests, some are cold, barren wastes 
covered with ice and snow much of the year, and some 
are hot, dry deserts. Some have large areas of mountainous 
territory, and others are level plains. Many places have a 
medium amount of moisture and a mild temperature. But 
in all these different kinds of places we find men living, 
getting food, and raising their families. Few other living 
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things, except some of man’s own parasites, can be found 
in so many different kinds of pLaces. We know that man 
must in some way be fitted to these different conditions. 
Our problem now is to learn how man can live under such 
widely difiFerent conditions when 
most other animals cannot. 

THAT AUE THE ADAPTATIONS OP 

OUK BODIES.?^ As you read 
Problems 2 and 3, you could hardly 
have helped noticing how your own 
body is, or is not, suited to the 
different kinds of conditions. In the 
first place, you are (juite well fitted 


w: 



for getting about. You have a 
strong skeleton that supports your 
body. Movable legs with broad 
feet enable you to walk about on 
the land, although, to be sure, you 
cannot run as fast as many an- 
imals. In addition to having feet 
for walking and running on the 
ground, you have grasping hands 
with which you can climb. Later 
in this problem you will see that 
these hands are more important 
than they at first appear. 

For protection from dry air, bacteria, and insects you 
have a fairly tough skin. For getting air into your blood 
you have lungs lined with thin membranes that would 
cover your body fifty times. You have a voice to send 
sounds through the air and ears to hear the sounds. You 
have eyes with which to receive light from things around 
us. You have smelling organs that detect odors c^uite well. 


O 

Ceylon are exy)ert at 
climbing the tall, slender 
coconut palms. (Ewing 
Galloway photo) 
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although, as you know, they are not so acute as those of 
some animals. 

Like the bodies of birds and other mammals your body 
keeps itself at a certain warm temperature. The sweat 
glands pour out moisture and cool you by evaporation 
when you get too warm. However, you lack a thick in- 
sulating covering of hair, feathers, or fat to retain heat 
in cold weather. As you will soon see, you make up for that 
lack of adaptation by borrowing from plants and animals. 

It is very important that our bodies be as well fitted to 
land life as they are. But that does not explain why we 
can live in most parts of the world. This is due to three 
important facts: (1) Man can eat a great variety of foods; 
thus he can find plants and animals to eat in almost every 
part of the earth. (2) Man has hands that can hold objects 
and handle them with great accuracy; thus he is able to 
use sticks, stones, tools, weapons, and all sorts of things 
to help himself keep alive. (3) Man has a brain with which 
he is able to think better than other animals; his brain 
directs the use of his hands. By using his hands and his 
brain, man (a) turns the adaptations of plants and animals 
to his own advantage, and (6) changes his environment 
to make it more favorable. Let us see how he does these 
two things. 

H ow DO WE USE THE ADAPTATIONS OP PLANTS AND 
ANIMALS? You have already seen that man lacks an 
insulating covering to protect his body in cold weather. 
Long ago men noticed that the fur of animals kept them 
warm. As a result, they saved the skins of the animals 
that they killed and made coverings or clothing for 
themselves. Then they learned that they could make 
clothing from wool and from parts of plants that were 
fitted for this purpose. 



Fic. 184. Men are able to live in the coldest regions of the world 
because they can use animals for food and the fur and skin of animals 
for warm clothing. (Ewing Galloway photo) 

Another kind of adaptation that we turn to our own 
advantage is that for producing and storing food. Early 
man noticed that the milk from cows and goats was good 
food. As a result, he keeps many of these animals just for 
their milk. Man found out also that the eggs of birds 
crontain a fine store of food, and he learned to keep the 
large birds that we call poultry for the eggs they lay. 

In plants man found food stored in seeds, roots, and 
stems as an adaptation to the needs of the plants them- 
selves. But he turned this store to his own use and began 
to cultivate the plants that stored the largest amounts of 
good food. Nor is man satisfied to use only the plants that 
grow where he is: He searches the whole world for plants 
and animals that are better adapted. He hunts plants and 
animals that are more resistant to disease than the ones 
he has. He searches for plants and animals that produce 
more and better body coverings and food. Then if they 
are adapted to his habitat, he brings these new varieties 
to his home and grows them there. If they cannot live 
where he is, he lets them live in their own habitat and 
carries their useful products to his home. 
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Fig. 185. Thousands of years ago man began to use animals to help 
him in his work. The dogs he used for hunting were the first animals 
that he domesticated. (Chicago Natural History Museum © photo) 

But man does not stop with using the adaptations of 
other living things as he finds them. He improves the 
wool-producing ability of sheep, the milk production of 
cows, the egg laying of hens. He develops wheat that yields 
more grain, fruit trees that bear more and better apples 
and oranges, potatoes that are more resistant to blight 
and scab diseases. In Unit 10 you will learn some of the 
ways in which man is able to bring about these better 
adaptations of animals and plants to his needs. 

H ow DO WE CHANGE OXJR ENVIRONMENT TO FIT OUR 
NEEDS? A group of people are traveling into an un- 
inhabited region in the Northwest. Night falls. What do 
you think the men do? They erect a tent or a crude shelter 
and build a fire so that they can be dry and warm during 
the night. One family decides that this region would make 
a good home. They build a log cabin with a fireplace, clear 
away the trees, cultivate the soil, and plant vegetables 
and grain. As their crops grow, they keep on cultivating 
the soil. What these people have really done by building 
shelters, having fires, and clearing and cultivating the soil 
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is to change their environment until it is better for them 
to live in. The house with a. fire in it is a warmer, drier 
place than the outdoors. Furthermore, the house protects 
the family from dangerous animals and from annoying 
insects. Clearing the forests away and cultivating the soil 
changes light, moisture, and soil conditions so that the 
crops can grow better. 

What are some of the other ways in which man changes 
the environment? He kills carnivorous animals, such as 
wolves, coyotes, and mountain-lions, that destroy the 
animals he wishes to keep. He drains wet, marshy land 
so that he can farm it. He l)uilds new land at the margins 
of lakes and oceans, where he wants more I’oom for l)uild- 
ings and parks. In other places he digs canals and builds 
dams to produce new waterways, new loathing, boating, 
and fishing places. Dams, canals, and tunnels carry water 
from bountiful rivers to dry land, where the soil will grow 
crops. If the soil lacks the right minerals or humus, he 
fertilizes it. 

In all these ways man changes his environment so that 
he thinks it is better. By means of his hands and his think- 
ing brain he does it. But sometimes he does not look far 
enough ahead when he begins to cultivate the soil, to kill 
off wild animals, or to import plants and animals. On 
sloping land the soil washes away. Herbivorous animals 
sometimes increase until they destroy the plants and 
then starve. Some imported plants and animals become 
pests of which we cannot ri<l ourselves. When men drain 
the marshes and cut down the forests to make farm lands, 
they deprive wild birds of shelter and food. When men 
build houses in which to live, they shut out the sunlight 
that is so necessary to their health. 

It seems necessary and wise to make some of these 



Fig. 186 . Pioneer farmers in forest regions had to change their en- 
vironment by clearing away the trees before they could grow their 
crops. (Ewing Galloway photo) 

changes in the ejivironment. But when they are made, 
scientists and historians should be consulted to learn, if 
possible, what the probable results will be. Lands that 
should not be cultivated or too heavily pastured should 
become government property. Then their use can be 
properly managed to prevent loss to future generations 
of our citizens. As you know, thousands of years are 
required to rebuild good soil after the original soil has 
been washed away. 

Self-Testing Exercises 

1. How does the size of man’s habitat differ from the size of 
the habitat of most other living things? What are some of the 
reasons for this difference? 

2. (a) List the structures of your own body that are adapta- 
tions to land life similar to those of some common animal. 
(b) List adaptations of your body that are different from the 
animal you have chosen. 

3. Name three adaptations of plants and animals that 
uses for his own good. 

196 


man 


UNIT 3. ADAPTATION 


197 


4. (a) How is your own environment different from the 
natural environment where you live? Make as long a list of 
differences as you can. (b) Do you think that you could keep 
alive in the natural environment of your region for a whole 
year without changing the conditions around your body? 
Give reasons for your answer. 

Problems to Solve 

1. How do animals change the conditions of their environ- 
ment to make it more favorable? Think of bees, beavers, etc., 
and make as long a list as you can. 

2. How do plants change the conditions of their own en- 
vironment where they grow in large numl)ers? Think of light, 
moisture, and soil conditions. 

3. How are social animals better adapted to their surround- 
ings than solitary animals? (See Book i, pp. 390-395, and 
other reference books on social animals.) 

LOOKING BACK AT UNIT 3 

1. State in complete sentences the ways in which your ideas 
have changed during the study of Unit 3. 

Write one paragraph that answers Problem 1 of this unit. 
Then do the same for each of the other three problems. 

3. Show that you understand each of these words. 
adaptation habitat migration 

mimicry hibernation phosphorescent organ 

gill rakers lenticel protective coloration 

ADDITIONAL EXERCISES 

1. Read about the dinosaurs and other animals of ancient 
times. Find ways in which they were adapted to land, water, 
and air. Why do you think they disappeared? 

The adaptations of fish described in this unit are the ones 
most common among these animals. Find articles in encyclo- 
pedias and other reference books and discover unusual adap- 
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tations. For example, the electric rays and eels have an unusual 
method of defense and food-getting. 

3. Read about the migrations of one or two of the follow- 
ing animals: Pacific coast salmon, Arctic tern, golden plover, 
eel. Discover, if you can, how these migrations are helpful 
to the animals. 

4. Make a special study of parasitic animals or plants. 
Find how each one is adapted to the life it leads. 

5. Show how the behavior of plants and animals is one 
kind of adaptation. 

6. Most common, broad-leaved trees shed their leaves in the 
autumn and get new ones in the spring. Is this an adaptation 
or not? Give reasons for your answer. 

7. Pines and similar evergreen trees do not shed their leaves 
for winter. How are their leaves different from most other trees? 
What advantages do these kinds of leaves have? 

8. Some scientists believe that small herbaceous plants are 
better adapted to life in temperate regions than trees. What 
advantages do they have? What advantages do trees have in 
getting what they need and in overcoming the dangers of their 
surroundings? 

9. What kinds of plants live in the polar regions and in the 
highest mountain regions? Why do you think these kinds of 
plants can survive when others cannot? 

10. Is man better adapted to live without fire in warm 
countries, temperate countries, or cold countries? Give your 


reasons. 




Fig. 187 . Using the energy of exploding gases instead of the energy of 
human muscles, this machine does in one day the work of hundreds 
of men. It is a complicated machine with hundreds of parts. Yet, 
strange as it may seem, this complicated machine is made up of only 
four or five kinds of simple machines such as you probably use every 
day. In this unit you will learn that no matter how big or complicated 
a machine may be, it is made up of only a few simple machines that 
you have known about almost ever since you began to play with toys. 
You will also learn just how and why these machines helj) i)eoi)le do 
work. (Empire photos) 
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UNIT 4 

HOW DO SIMPLE MACHINES 
HELP US DO WORK? 


INTRODUCTORY EXERCISES 

*1. Make a definition of the word energy. Explain 
why the following have energy; (a) a bent bow, (6) a 
‘‘wound-up” clock spring, (c) a weight lifted to the top 
of a pile-driver. 

*2. Explain (a) why an automobile does not stop as 
soon as the brakes are applied, and (fe) why you are jerked 
forward when an automobile stops suddenly. 

*3. Tell in your own words what “force” means. 

*4, What force do you overcome when you lift a heavy 
box from the floor to the top of a table? When you drive 
a nail into a piece of wood? 

*5. Suppose ‘you push as hard as you can in trying to 
move a heavy box, but cannot move it. Have you done 
any work? Make a definition of work to fit your answer. 

6. Suppose that a weight heavier than you could lift 
had to be placed on the stage of the auditorium of your 
school. Name several ways in which you could get the 
weight there. What devices would you use? Tell how you 
would use them. 

*7. What is friction? Tell how friction helps or hinders 
us in our work. 

8. Make a list of ten or more simple devices that you 
have seen in use, such as an automobile jack, a screw 
driver, pliers, etc. After each device write a sentence telling 
how it helps us do work. Save your list for later use. 

9. What is a simple machine? Explain your answer. 
Save it for later use. 

10. Tell how a small boy can balance a much larger 
boy on a seesaw. 
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LOOKING AHEAD TO UNIT 4 

W HKN YOU saw the title of this unit, you probably 
thought of such machines as gasoline engines, sewing 
machines, reapers, steam engines, and electric motors. 
But if you read the title again, you saw that it said simple 
machines. Perhaps you changed your mind, then, and 
thought of lawn mowers, food choppers, and can openers. 
Tf you did so, you were still guessing. The simple macrhines 
of science are different from what you think. 

As you already know from your study of science, the 
scientist is very much interested in finding the ways in 
which things are alike and the ways in which they are 
different. Things that are alike in one or more ways he 
puts in a certain group; then he uses some word to stand 
for this group. The scientist uses the word “machine” for 
any device or tool that man uses to help him do his work. 
A gasoline engine is ver^'^ different from a screw driver. 
They do not look alike in any way. But they are both 
used by man to help him do this work. So the scientist calls 
each of them a machine. If you look around you, you will 
probably find that you can name fifty or more machines. 
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Fig. 190. When a hammer drives a nail into a board, it is one kind of 
machine. When it is used to pull the nail out, it is another kind of 
machine. (Starek Studios) 

However, the scientist sees that machines are quite 
different in the way they work. So the scientist goes one 
step further and puts together into one class the kinds of 
simple devices that work alike. For example, most can 
openers and bottle openers really work just like a crow- 
bar, or a hammer pulling a nail, or the jaws of a pair of 
pliers. The scientist therefore puts all of these devices and 
many others into a single class of simple machines that 
he calls levers. When you learn how a lever works, you can 
then explain how any of the many kinds of levers work. 
You can see that this makes your study much easier. 
Once you learn how a certain class of machine works, you 
can then see how all machines that belong in the same 
class operate. 

In this unit you will learn that scientists have divided 
all simple machines into six different classes. When a 
scientist speaks about simple machines, he means a ma- 
chine that belongs to one of the six classes that you will 
learn about. Hundreds of tools and devices that we use 
can be explained if you understand how each of these 
classes of machines helps man in his work. The more 
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Fig. 101. Study the machine at the right carefully. Where do you 
think the power to run tlie machine is coming from? Then look at 
Figure 188. Is any part of the drill shown there at all like any parts 
of the machines shown on this page? 

coiiijilicated macliines, such as tlie crane, steam shovel, 
and printing press, are combinations of many simple 
machines belonging to different classes. But even these 
complicated machines can be explained by seeing how 
each class of simple machiiu' helps in tlie o]>tn-ation of the 
complicated machine. 

As you think about nuudiines, you must be sure to keep 
one important fact in mind. We usually think of steam 
engines, gasoline engines, ami elecdric motors as machines 
that do work and save our muscdes. But it is really not 
the machine that does the work. It is the energy of steam, 
of gasoline, and of electric current that is doing the work. 
Without this energy the machines could do nothing. 
However, the special kinds of machines that help us use 
this energy are very important. In Units 8 and 9 you will 
learn how electric motors and engines work. 

In this unit you will think chiefly about the simple 
machines that are put together to make complicated ma- 
chines of all kinds. You will find the answers to questions 
that have come to your mind as you have watched work 
being done in various ways. You have probably seen a 
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Fig. 192. Shears are Fig. 193. Probably every home has in it 
really two knives put to- all of the six classes of simple machines 
gether to make it easier that help people do work. It is likely that 
to cut things. you have used most of them yourself. 

man rolling a heavy barrel up a plank into a wagon. Per- 
haps you have seen pulleys used to pull up the stump of 
a tree or lift several bales of hay into a haymow. By 
himself a man could not lift the barrel or the bales of hay. 
But by using a machine he can easily move these heavy 
loads. In other words, he can lift objects that are very 
heavy by using a much smaller force. How is this 
possible.^ Do these machines really increase the amount 
of work that we can do? 

What you learn about machines in this unit will be of 
practical value to you. Once you understand how a simple 
machine helps you, you can use it more intelligently. You 
will know what kind of work it can do and what to expect 
of it. You will learn how to select the kind of simple 
machine you need for the kind of work you want to do. 
Girls sometimes get the idea that machines are only used 
by boys. But that is not true. A girl may use simple 
machines in her home more often than a boy. Everybody 
uses machines. When you come to understand levers and 
the five other kinds of simple machines, you will recog- 
nize them all around you and even in your own body. 
You will also see that we would have a hard time getting 
along without them. 
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iTiG. 194. The first machines that men used were clubs and hammers. 
Then came simple cutting and piercing tools made of bone and stone. 
No one knows who made the great discovery of how to use a wheel. 

Problem 1 : 

WHAT ARE MACHINES USED FOR? 

W HAT KINDS OF WORK DOKS MAN DO WITH MACHINES? 

If you had lived many thousands of years ago, you 
would have done most of your work with your hands or 
with the simplest of tools. You would have had only a 
few flint knives, stone hatchets with crude wooden 
handles, bone awls for making little holes, and poles to 
pry with. Even in the time of Archimedes, almost 2000 
years ago, you would have had few tools in comparison 
with the many kinds that are commonly used today. 
There is almost no end to their variety. 

Think of the machines you have used today. Ff you 
came to school on a bicycle, you used a machine to help 
you move faster. When you opened a door, you turned a 
knob or pressed a latch. When you sharpened your pencil, 
a kind of machine helped you. Perhaps your mother asked 
you to help with the work about the house. What ma- 
chines did you use? A can opener helped you cut metal, 
a knife helped you slice bread, an orange squeezer helped 
press the juice from fruit, and a broom or a vacuum 
cleaner helped you sweep the floor. 

Think of the dozens of other machines that are com- 
monly used in homes every day: clothes wringers, meat 
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195. These men are using grimling machines to polish the bronze 
propeller of an ocean ship. Even the propeller is a machine. As it 
revolves in the water, it jjushes the boat forward. It is called a screw 
propeller because it really works on the same principle as the common 
screw. (Nesmith and Associates photo) 

grinders, pulleys for clothes lines, shovels for firing fur- 
naces, scissors, tack pullers, ice tongs, tweezers, ice picks, 
and many others. It is hard to think of work in which 
machines arc not used. A farmer uses axes, shovels, hoes, 
and rakes. Plows are used to break up soil, pitchforks are 
used for moving hay, pump handles help lift water from 
a well, and crowbars help lift heavy weights. Mechanics use 
pliers, hammers, screw drivers, wrenches, and cranks. 

Hundreds of other machines are used in construction 
work, such as in building houses, roads, and bridges. Saws 
help cut boards, and hammers help drive nails to fasten 
the boards together. Screws and bolts hold parts of build- 
ings together. Holes are bored with a brace-and-bit. 
Chisels are used to cut iron and other metals in two and 
to cut grooves in wood. Derricks are used to lift heavy 
objects and heavy loads of materials. Each of these 
machines is constructed to do a special kind of work. 
Some of them are used for cutting, others for lifting, and 
others for hammering. Imagine trying to build a house 

206 



Fio. U)6. JNatives of JNigeria, Afric^a, putting the roof on a house. 
Probably the only machines used in building this house were crude 
knives to cut the wood and crude shovels to dig the mud for the walls. 

without tools! It would look more like the homes built 
by primitive men than like a modern house. The next 
time you build something at home or in the workshop at 
school, notice the different kinds of machines you use and 
think about how they help you. 

Perhaps you are thinking by now that just about all 
the kinds of machines have been named. But before you 
leave this part of the unit, think of a few other imporlant 
kinds of work that man does with machines. Suppose all of 
the materials we use had to be moved from place to place 
with our hands or carried on the backs of pack animals. 
Contractors would have a difficult time moving all the 
bricks needed to build a house. Trade would be slower 
because merchants could not get goods as fast as they 
needed them. Truck-farmers could not bring their pro- 
duce to distant markets fast enough to keep it from 
spoiling. So machines are of great importance in trans- 
portation. 

Perhaps the most complicated machines of all are used 
in the industries. Hydraulic presses are used in cot- 
ton gins to press the cotton into a small space. Roller 
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Fig. 197. Notice the use of wheels in this picture. At the right is a 
wheel with a belt to transmit the power from the engine to the saw. 
Wheels roll the carriage that pushes the log against the saw, and 
wheels with teeth in them help move the log sideways. Even the saw 
is a kind of wheel. (Eric G. Styrlander photo) 

mills are used in iron and steel works to press metal into 
thin sheets. High-powered circular saws and band-saws 
are used to cut lumber in sawmills, and rapidly revolving 
blades (planers) give the lumber a smooth surface. Print- 
ing presses, trip hammers, and spinning and weaving 
machines are but a few of the kinds of machines that are 
used in industries to help man do his work. 

W IIAT KINDS OF RESISTANCE DO WE OVERCOMPl WITH 
THE USE OF MACHINES.'^ Now that you have had a 
“rapid-fire” view of the many kinds of machines and the 
many different kinds of work they can do, let us try to 
see more clearly just what machines are used for. Each 
kind of machine that we use helps us to overcome some 
kind of resistance. There are only a few different kinds 
of resistance to overcome. What are they? 

First of all, we use machines to overcome the force of 
gravity. Whenever an object is lifted by a machine, the 
force that runs the machine is lifting the object against 
the pull of gravity. You can think of many such machines. 

Second, we use machines to start an object moving or 
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FiGr. 198. Here is the gear box, or traTifimismoNi of an automobile. With 
one lever these gears can be moved to make the automobile go for- 
ward at three different speeds, and backward. 

to stop it from moving. From Science Problems^ Book 2 
you remember that materials have inertia; that is, they 
will stay in the same place or keep on moving in the same 
direction unless some outside force starts them, stops 
them, or turns them to one side. You use a baseball bat 
or a tennis racquet to overcome inertia whenever you hit 
a ball. The ball is suddenly stopped and started in another 
direction. In starting an automobile we use certain sets 
of gears (“low” and “intermediate”) while the inertia of 
the car is being overcome. After the car is moving rapidly, 
we use a different and less powerful set (“high gear”). 
These gears are one kind of machine. 

We use machines in a third way when they help us 
overcome the forces that hold the molecules of a material 
together. When you drive a wedge in wood (Figure 229), 
cut a board with a saw (Figure 189), or drive a nail, you 
are using a machine to force the molecules of the material 
apart, or to separate them from each other. 

A fourth use of machines is to help us overcome friction. 
As you remember, whenever two materials are rubbed 
together, there is friction between them; that is, there is 
a resistance to the movement of one material over the 
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Fig. 190. To save the time and labor of cutting materials, men have 
invented power rolling and stamping machines to shape materials. 
Here white-hot steel is being squeezed into the desired shape. Even 
cold metals can be stamped into almost any shape. (Fox photos) 

other. After an automobile is started, the energy of the 
engine is used to overcome the friction between the mov- 
ing parts of the car, and between the air and the car. 

Finally, we use machines to overcome the elastic forces 
in materials. We use machines each time we wind up the 
spring in a clock or watch. We use machines to compress 
elastic air into a small space and to press hay and light 
fluffy cotton into bales for shipping. 

As you watch machines at work, you will probably 
notice many that are used to press materials together. 
For example, a clothes wringer presses the wet cloth to- 
gether and squeezes the water out. A lemon squeezer does 
much the same thing. Printing presses force the inky type 
against the paper. Huge presses shape the fenders of 
automobiles from flat sheets and make coins from smooth 
disks of silver. These machines are overcoming elastic 
forces and the forces that hold molecules together. 

In this problem you have seen that machines are used 
to overcome resistance of some kind. By their use we are 
able to do things that we could not possibly do with our 
unaided muscles. If you are not quite clear about the 
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Fig. 200. This short steel bar and a block of wood make a lever that 
is being used to lift a heavy block of concrete. (Starek Studios) 

kinds of resistance that machines are usetl to overcome, 
read pages 231-2S9 in Science Probleyns^ Boole 

Self-Testing Exercises 

1. Tell in your own words why it is often said that we are 
living in the “machine age.” 

2. List the machines that you have used today. After the 
name of each one, tell what kind of work it helped you do, 

3. What machines would you need (a) to build a sfxilboat? 
(b) To help clean house? (c) To clean and repair your bicycle? 

4. Write in a list the five kinds of resistance that machines 
help us over<*ome. After each kiinl write tlie nauu's of at least 
two machines that help overcome that kind of resistance. 

I N WHAT WAYS DO SIMPDK MECHANICAL. DEVICES HELP US? 

You have seen what kinds of work machines can do. 
Now think for awhile about how a machine can be so 
helpful, l^et us take a few examples of the uses of machines 
and see how these machines help us do our work. We 
will first suppose that there is a large stone in your garden 
and that you wish to move it. It is too heavy for you to 
lift. The easiest way to move it is to place the end of a 
strong pole under one side of the stone and a brick under 
the pole near the stone. Now if you push down on the 
outer end of the pole, you find that by using a rather 
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Fig. 201. Most kinds of nuts Fig. 202. The men’s hands and 
cannot be cracked without the bodies move through only a short 
help of a machine. The nut- distance, but the ends of the oars 
cracker multiplies the force of move swiftly through many feet, 
your hand. (Starek Studios) (Ewing Galloway photo) 

small force (as compared with the weight of the stone) 
you can easily lift the stone. How did this machine help 
you work? With the long bar you were able to lift a heavy 
weight (the stone) with much less force than you would 
have needed if you had used your muscles without the 
pole. This is one of the great advantages of a machine. 
With the help of a machine, we do not need to use so 
much force. 

There are many kinds of machines used for this pur- 
pose. With the proper kind of jack, a small child can lift 
an automobile weighing thousands of pounds. Pump 
handles, claw hammers for pulling nails, nutcrackers, 
wheelbarrows, can openers, sloping planks, tack pullers, 
pliers, wrenches, and jackscrews are all simple machines 
by means of which we can use a small force to overcome 
a much larger resistance. This may be clearer to you if we 
say that with machines of this type we can multiply our 
force; that is, by using a force of ten pounds, a person can 
lift objects weighing a hundred or a thousand pounds. 

Hid you know that when you fish with an old-fashioned 
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bamboo fishing pole, you are using a machine? Let us see 
why a fishing pole is a machine and how it helps do work. 
Usually you hold the end of the pole in one hand next to 
your body. Then you pull on the pole with the other hand. 
Your hand only moves a few inches, but the other end of 
the pole moves many feet. Furthermore, it moves much 
faster than your hand, so that the fish is brought quickly 
above the surface of the 
water before it has a chance 
to get away. In this case 
the resistance or weight is 
moved farther and faster 
than the force. The machine 
has thus multiplied the dis- 
tance traveled by the weight 
and the speed at which it 
traveled. Derricks used to 
lift and to swing loads from 
one place to another are ma- 
chines that multiply speed 
(Figure 203). Your own 
arm, as you will see later, 
is a machine that works in 
the same way. 

Still another way in 
which machines help us is 
by changing the direction of 
the force that is being ex 
erted. Did you ever see a 
load of bricks being lifted to 
the top of a high building 
by a rope running over a 
wheel? This arrangement of 


Fig. iiiOS. The engine pulls down, 
but the rock moves up. Also, the 
lower end of the derrick moves 
through a distance of only a few 
feet while the upper end moves 
many feet. (Empire photo) 




Fig. 204. By pulling downward Fig. 205. Later in this unit you 
on a chain this boy moves the will learn how a big gear wheel 
load up. like this multiplies speed. 


a rope and a pulley (Figure 204) allows the person doing 
the lifting to stand on the ground and pull downward to 
make the load move up. The pulley changes the direction 
of force and makes it more convenient to lift the load. 

A bicycle is another example of a machine that changes 
the direction of force; you push down on the pedals to 
make the bicycle pull you forward. The gear wheels in a 
rotary egg-beater make the blades turn in one direction as 
you turn the handle in another direction (Figure 205). 
As you study this unit, look for other machines that 
change the direction of the force. 

Some mechanical devices, which are not usually called 
simple machines, help us in two other ways. In the ex- 
amples of how machines help us, you have seen that the 
machine does its work only while the force is being ap- 
plied. When you stop applying the "force, the machine 
stops working. Some devices help us by storing energy. 
For example, a hammer is useful in driving a nail because 
the heavy head of the hammer gathers kinetic energy 
slowly from our muscles and then, in an instant, uses the 


£ 06 . This big chain helt transmits force to the electric generator at 
the right. Steam power turns the large wheel over which the belt 
runs. Chain belts, or chain drives y are much more efficient than leather 
belts. They are stronger, and they cannot slip. 

energy to force the nail into the wood. Is it possible to 
store up energy that can be used after the force is no 
longer being applied? Think for a moment about a pile- 
driver used to drive piles into the ground. A steam engine, 
a gasoline engine, or an electric motor is used to supply 
the energy to lift a large weight high above the ground. 
As you learned in Science Problems ^ Book 2^ the weight 
now has potential energy stored in it. When the weight is 
released, it will fall; when it strikes the pile, it drives the 
pile a short distance into the ground. The energy of the 
engine or motor was stored in the lifted weight. 

Another example of a mechanical device to store energy 
is a spring. It takes energy to wind the spring. After the 
spring is wound by, the energy of your muscles, it will 
give back this energy when it is released. The rubber band 
you use to drive your model airplane is another example 
of how a mechanical device may be used to store energy 
that can be released when and where it is needed. 

In many machines it is necessary to provide some way 
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of transmitting the force from one place to another. For 
example, in an automobile the power is developed by the 
gasoline engine. To move the car it is necessary to trans- 
mit this force to the rear wheels. If you are familiar with 
an automobile, you know that this force is transmitted by 
shafts and gears under the body of the car. In the bicycle 
a chain is used to connect the sprocket wheel with the 
rear wheel. Belts are often used to transmit the energy 
of an electric motor to the various machines in a factory. 
With a pulley, as you know, a rope is used for this pur- 
pose. If you will look at a sewing-machine, the pulleys 
in a window, an egg-beater, or the vacuum-cleaner at 
home, you will find that each one has some device that 
is used to transmit force from the place where it is applied 
to the place where it is used. In Unit 9 you will learn more 
about how different devices are used for transmitting 
force and energy. 

You can now see that mechanical devices help us do 
work in five important ways: (1) They may multiply our 
force. (2) They may multiply our distance and speed. 
(3) They may change the direction of the force. (4) They 
may store energy that can be released as we need it. 
(5) They may help us by providing a way to transmit 
force from one place to another place. 

Self-Testing Exercises 

1, Describe an experience of your own in which you used a 
machine to move a large weight with a much smaller force. 

Make a diagram to show that in a fishing pole the force 
you apply to pull up the pole moves a much shorter distance 
than the fish. Also explain why the fish moves faster than your 
hand. 

3. Make a diagram of some machine that you have used 
or seen that changes the direction of the force. 







Fig. ^07. Planes, flraw shaves, and chisels are machines that help 
us to pull the molecules of materials apart. (Starek Studios) 


4. When yovi cock an air gun, you compress air in the barrel. 
When the trigger is pnlh‘d, the compressed air forces the shot 
out of the barred. Which irse of a mechaTiical device does this 
illustrate? 

5. Make a drawing to show how force is transmitted in some 
inechanical device. 

Problems to Solve 

1. H ow does a hammer help us to ]>ull nails? 

Get a toy operated by a spring. Find out how it works. 
S. Idxamine a vacuum-cleaner. How is the force transmitted 
from the motor to the fan? 

4. How is the energy from the mainspring transmitted to the 
hands of a watch? 

Problem 2: 

WHY DO MACHINES HELP US DO WORK? 

H OW IS WORK MKAStTRKD? If you have been thinking 
during your study of this unit, you have probably 
wondered why a inacdiine makes work easier. You re- 
member that when you studied about energy, you learned 
the law of Conservation of Knergy. According to this law, 
energy is never made, and it is not tlestroyed. If this law 
is correct, you cannot get more work out of a machine 
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Fig. iiOS. You may think 
that these men are not 
using a machine to move 
the trunk. But the steps 
are really one kind of sim- 
ple machine. They make it 
easier to lift things to 
higher levels. (Starek Stu- 
dios) 


than you put into the machine. 
Yet with a crowbar you can make 
a small force lift a large weight. 
This looks as if you were getting 
more work out of the machine 
than you put in. But this is not 
true. To understand just what 
the machine does, you must find 
some way of measuring the work 
put into a machine and then com- 
pare the work put in with the 
work that the machine does. 

When you want to measure 
something, you must haye some 
unit of measurement. For exam- 
ple, you measure distance by such 
units of length as the inch, the 
foot, the yard, the rod, and the 
mile. You measure the amount of 
heat in a body by calories. You 
measure the hotness of a body by 
its degree of temperature. In a 
like manner, we need a unit to 
measure work. 

First of all, you must be certain 
that you understand what the 
scientist means when he uses the 
term v)orIc. To do work you must , 
of course, use force; that is, you 


must push or pull some object. Suppose that you lift a 


stone from the ground. You exert a force on the stone. 


and you lift the stone against the pull of gravity,. The 


scientist would say that you have done work. Suppose, 
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however, that the stone was very heavy, and that al- 
though you used all the force you could, still the stone 
would not move. Would you call this work? You probably 
would, but the scientist would not. In order to do work, 
you must do more than use force. You must actually move 
the object. Work is done only when a force overcomes 
some resistance and thus moves something. 

You do work when you pedal a bicycle, drive a nail, 
pull a sled, or lift a basket of groceries from the floor to 
the table. Some of these, riding a bicycle, for example, 
may have seemed more like play than work to you. But 
you did some work in each case. When you ride a bicycle, 
you overcome the friction of the bicycle wheels and of 
the air. When a nail is driven, the blow of the hammer 
exerts a force in making the nail push the fibers of the 
wood apart and move down into the wood. When you 
pull a sled, you move its weight a certain distance; and 
when you lift an object, you move its weight through a 
vertical distance from the floor to the top of the table. 

In these examples of work notiiing has been said about 
how much work was done. In other words, you have no 
unit to measure how much work is done when a stone is 
lifted from a floor. We usually measure force in pounds. 
If a stone weighs ten pounds, you must use a force of ten 
pounds to lift it. We measure distance in feet. According 
to our definition of work, the force must move the object 
through a distance. The amount of work done is therefore 
determined by how much force is used and how far the 
object is moved. 

The unit to measure this is called the foot-pound. If a 
force of one pound is used to move an object through a 
distance of one foot, one foot-pound of work is done. Now 
you can measure how much work you do if you lift a stone 
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weighing ten pounds to a height of three feet. You multi- 
ply the force (10 pounds) by the distance moved (3 feet), 
and you get 30 foot-pounds. To find out how much work 
is done, it is only necessary to multiply the force by the 
distance moved. If you weigh 100 pounds and you climb 
a stairs 10 feet high, how much work have you done? 

Self-Testing Exercises 

1. Two teams were having a tug of war. Both teams were 
pulling with all their strength. Neither team could move the 
other. According to the scientist’s meaning of ‘"work,” were the 
members of the teams doing work.?^ Explain your answer. 

2 . Make up a problem to show that you understand the 
meaning of the term ‘‘foot-pound.” 

3. Which would do more work: a man who lifted ten 100- 
pound sacks of flour three feet in five minutes, or a man who 
lifted 20 fifty-pound sacks of flour three feet in ten minutes ? Why ? 

Problems to Solve 

1. Imagine that your friend is standing on a five-foot plat- 
form, trying to pull a fifty-pound box up to the platform with 
a rope. You get under the box and help by lifting it. When the 
box is four feet in the air, the rope breaks. You have to hold 
it where it is for two minutes until your friend can get down 
and help you lower it to the ground. How much work did you 
do during the two minutes? 

2 . A horse is pulling a wagon up a lull. Is the horse working? 
Finally the hill gets so steep that all the horse can do is keep 
the wagon from rolling down the hill. Is the horse working? 

3. How could you find out how much work is done when a 
boat is pulled up on a beach for a distance of ten feet? 

4. A bale of hay was lifted from a truck to a window seven 
feet above the truck. The hay weighed 85 pounds. How much 
work was done? 

5. How much work do you do in climbing a ladder until 
your feet are 15 feet above the ground? 



F'kj. 209. In this picture the wagon and its contents weiglied ten 
pounds. The force recpiired to pull the w'agon was 4J pounds. 

D O MACH INKS SAVK WORK? Now you are ready to see if 
a machine does really save work; that is, whether 
you can get more work out of a machine than you put 
into it. You already know that it is easier to get into a 
wagon by walking up a x^btiik than it is to lift yourself 
into the wagon. You can roll a heavy barrel up a plank 
into a truck when you eaiiuot lift it. J3oes it really take 
less work to roll a barrel up a plank into a wagon? 

Kxpkrimknt 7. Doe.s Tt Require hesa Work to Roll an Ob'- 
ject up a Plank Than to Lift the Object the Same Distance? Get a 
smooth hoard five feet long aiul one foot wide. Place one end of 
the board on a support so that it rests two feet above the top 
of a table. Get a small wagon with wheels that turn easily. Oil 
the wheels. Add some iron weights or some stones to the wagon 
to make the cart and the weights weigh about ten pounds. 

Attach a spring balance to the loaded wagon and pull it 
slowly up the plank at a uniform rate of speed. Have someone 
read the spring balance as you pull the load up the plank. How 
much force does it take to move the load? How much force does 
it take to lift the wagon and its contents? How docs this com- 
pare with the force required to pull the load up the plank? 
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WORK SOTTEH OUT 

WEI6HT X DISTANCE 

(Mimr or su^fonT) 

10 lb. X 2ft.= 20 4SN 


WORK RUT IN 

WRCE X bISTANCI 

Of I 

4J*lb. X Sft. = 2l^pS 


Fig. 210. This diagram will help you understand why an inclinea 
plane helps do work but does not save work. 

Now you can figure how much work was done in pull- 
ing the wagon up the plank. Let us suppose that it took 
a force of four pounds to pull the wagon up the five-foot 
plank. The work put in to the machine would be four 
pounds times five feet, or 20 foot-pounds. We will also 
suppose that the wagon and weights weighed ten pounds. 
It would be necessary to lift the wagon straight up i"or a 
distance of two feet to raise it the same height as it was 
when rolled up the plank. The work accomplished by the 
plank would therefore be ten pounds times two feet, or 
20 foot-pounds. In other words, the work you put into 
the machine (rolling the wagon up the plank) is equal to 
the work the machine accomplished (lifting the wagon 
up for a distance of two feet). 

Now use this same method to measure the work put in 
and the work done by the machine in Figure 209. 
How much work was done in pulling the wagon up the 
plank? To find this, multiply the force needed by the 
length of the plank. (See Figure 210.) How much useful 
work was accomplished? To find this, multiply the weight 
of the wagon and its contents by the height to which 
they were lifted. When you compare the amount of work 
actually done in rolling the wagon up the plank with the 
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amount of work required to lift the wagon, you find that 
you put more work into the machine than you actually 
got out of it. Why is this true? You remember that when- 
ever two surfaces rub together, there is friction between 
them. In rolling the wagon up the plank, you not only 
had to overcome the weight of the wagon, but you also 
had to overcome the friction between the moving parts. 

The answer to our question. Does a machine save work? 
is “No.” There is always some friction in a machine; 
therefore more work is always put into a machine than 
is gotten from it. That is, you always do more work on 
the machine than the machine does for you. 

Perhaps you have heard people say that a certain ma- 
chine is very efficient. What does this mean? It means 
that we get almost as much work out of the machine as 
is put into it. For example, suppose that 100 foot-pounds 
of work are put into a machine, and 90 foot-pounds of 
useful work are accomplished. The efficiency of such a 
machine is 90 per ceirt. To find the efficiency of a ma- 
chine, it is only necessary to divide the work gotten out by 
the work put in. You can now find the effieiency of the 
machine used in your experiment. Take the amount of 
work accomplished by lifting the wagon through a dis- 
tance of two feet. Divide it by the amount of work done 
in pulling the wagon up the plank. What do you find? 

Self-Testing Exercises 

1. Answer the following questions regarding Experiment 7. 

a) How much force was required to pull the wagon up the 
plank? 

b) How much work was done? 

c) How much force was required to lift the wagon? 

d) How much useful work is done when the wagon is lifted 
up to the same height as it is rolled up? 



Fig. 211. Suppose each bag weighs 100 pounds, and has to be lifted to 
a height of 5 feet. How many foot-i^ounds of work will it take to lift 
each bag.? When these men carry the bags up the i>lank, do they lift 
them a greater distance than if they lifted them directly up on to the 
pile? Why is the plank used? (Kwing Galloway photo) 

e) Which is grc'ater, the work in or the work out? Explain. 

/) What is the efficiency of your machine? 

2. A certain machine is 50% efficient. What does this mean? 

3. In actual use do we ever get as mucdi work out of a ma- 
chine as we put into it? Explain. 

Problems to Solve 

1. A barrel that weighs 200 pounds is lifted into a \vagoii 
three feet above the ground. How much work is done? 

2. The same barrel is rolled up a ]>lank ten feet long into the 
wagon. It is found that a force of 02 pounds is necessary. How 
much work was done in this ease? What is the efficiency of 
this machine? 

W HY AUK MACHINES ABKE TO EXERT SUCH LARGE 
FORCES? You arc no doubt wondering, ‘Hf we have 
to put as much (or more) work into machines than we gel 
from them, why should we use them at all?” This is a 
good question to ask. In answering it, think of the experi- 
ment again. You found that you used a small force to lift 
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a much heavier weight. For example, if the weight of the 
wagon was ten pounds, you found that you could pull it 
up the board with a force of four pounds. However (and 
this is the important point to see), you had to move the 
small force through a greater distance (5 feet) than if you 
had lifted the weight to the upper end of the plank (2 
feet). In other words, to increase your force two and one- 
half times (10 divided by 4), you had to move the force 
through two and one-half times the distance the weight 
moved (5 divided by 2). 

The advantage of using such a machine is that it is 
easier to move a small force through a greater distance 
than it is to move a large force through a shorter distance. 
For example, you could not lift a 200-pound barrel from 
the ground into a truck three feet from the ground. How- 
ever, you might be able to roll the barrel up a ten-foot 
plank into the truck, because you would apply a much 
smaller force through a greater distanc^e. 


Perhaps you now understand how a small force can be 
used to lift a large weight: The small force must move 


through a longer <lis- 
tance. Also, you under- 
stand why machines do 
not ‘‘save work.” The 
work we put into a ma- 
chine equals the work 
we get from it (neglect- 
ing friction). We use 
machines because they 
make work easier. 

There is a way of 
calculating how much 
help we can get from a 



Fig. 212 . Explain what this picture 
shows about this kind of machine. 
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machine. We call the amount of help we get from a 
machine its mechanical advantage. Now let us figure out 
the mechanical advantage of the board you used in Ex- 
periment 7. You found that you could lift a 10-pound 
weight with a force of about 4 pounds. The mechanical 
advantage of this machine was (10 divided by 4). So, 
one way of finding mechanical advantage is to divide the 
weight lifted by the force needed to lift it. 

Suppose you wanted to lift the 10-pound weight in 
Experiment 7 with a force smaller than 4 pounds. How 
could you do it.? You could use a longer board, for ex- 
ample, a board 10 feet long. This time the force would 
move 10 feet to lift the weight 2 feet. The mechanical 
advantage in this case would be 5 (10 divided by 2). In 
this example you used another method of finding mechani- 
cal advantage. You divided the distance the force moves 
by the distance the weight moves. 

What would be the mechanical advantage of a machine 
in which the force moved ten feet and the weight moved 
one foot.? You can easily see that the answer is ten. Here 
is an important point to remember: In any machine the 
greater the distance the force moves as compared with 
the distance the weight moves, the greater the mechanical 
advantage. You are now ready to find how other simple 
machines operate and why they are helpful. 

Self-Testing Exercises 

1. If more work is put into a machine than we get from it, 
why do we use a machine? 

2. What does ‘‘mechanical advantage” mean? 

3. If a machine can lift a weight of 100 pounds with a force 
of 10 pounds, what is the mechanical advantage of the machine? 

4. Why can small forces lift large weights when a machine 
is used? 



Problems to Solve 


1. Suppose you have a 
barrel weighing 200 pounds 
which you want to lift three 
feet into a wagon. You can 
only exert a force of 50 
pounds. How long a plank 
would you use? 

2. If you used a jdank 12 
feet long to roll a barrel 
up into a wagon bed three 
feet high, what would be the 
mechanical advantage? If 
the barrel weighed 100 
pounds, how much force 
would you need to exert? 


Fig. 213. Apparatus needed for the 
first part of Experiment 8 


Problem 3; 

WHAT ARE THE KINDS OF SIMPLE MACHINES? 

H OW DO LEVERS HELP US? Now that you understand 
what machines can do, yOu are ready lo study the 
different kinds of simple machines. Scientists have classi- 
fied all simple machines into six groups: the inclined planCy 
the lever, the screw, the wheel and axle, the ])ulley, and the 
wedge. When you use a pole to pry up a heavy stone, 
you are using the simple machine known as the lever. 

Experiment 8. Hmv do Levers Work? (a) Fasten a spring 
scale to the end of a strong, straight stick. The stick should be 
more than three feet long. Balance the stick and spring scale 
on a support about a foot above the table (Figure 213). Notice 
the reading on the spring scale when there is no pull on it. 
Hang a five-pound weight on the opposite end of the stick. 
Have the distance from the support to the weight equal to 
the distance from the spring scale to the support. Have two 
classmates each hold yardsticks vertically just back of each 
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Fig. 214. Ax^paratus for the second part of Fx])erinicnt 8 


end of the balanced yardstick, but be sure they do not touch it. 

Now pull downward on the hook of the spring scale until the 
stick touches the top of the table. (lA't your hand and the scale 
move down past the edge of the table to do this.) How much 
force did it take to move the weight upward? How far did the 
weight move ux>ward? How far did your hand move downward? 

b) Now move the weight toward the support to make it only 
one third as far away as the spring scale (Figure 214). Pull 
down on the scale until the yar<lstiek touches the top of tin' 
table. How much for(*e did you use? How far did the weight 
move upward? How far did your haml move downward? 

The place where a lever is rested or sux:)ported is called 
the: f ulcrum. The distanc*e from the weight to the fiilc;rum 
is the v)eigJit-arm^ and the dislance from the force (your 
hand) to the fidc*rum is the force-arm. In part a of the 
experiment you found that the force needed to lift the 
weight was about equal to the weight. In this case, the 
length of the force-arm was equal to the length of the 
weight-arm. When the force-arm and the weight-arm are 
equal in length, both arms move the same distance. There- 
fore, the distance the force moves is equal to the distance 
the weight moves, and the mechanic!al advantage is one. 
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Fig. 215. In this home-made post-piiller the lever is fasi.eiied to the 
post with rope. As the j>ost is pulled higher, the rope can always be 
slipped down to get a new liohl on the post. ((J!la.u<le J. Oyer photo) 

In part b of the experiment the force-arm was longer 
than the weight -arm. The force moved through a much 
greater distance than the weight, and, as you found, a 
smaller force could lift the weight. So, if you wish to in- 
crease the mechanical a<lvautage of this kind of machine, 
you must make the force-aian aj^ long as possible in com- 
parison with the weight-arm. Then a small force can be 
moved through a greater distance to lift a large weight 
a smaller distance. For example, if you wish to pry up a 
heavy weight with a crowbar, keep the fulcrum as close 
to the weight as possible. Such levers make work easier 
because you use a small force to move a much greater 
weight. But remember that you do not save work, be- 
cause you move the small force through a greater distance. 

Suppose you wanted to pull a post out of tlie ground 
with a lever. You could not place one end of the lever 
under the post, as you did with the stone. You would have 
to fasten the post to the lever, as the man in Figure 215 
has done. Then you would rest the short end of the lever 
on a block and lift upward at the other end. You would 
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Fig. 5216. The everyday shovel is a lever. In this picture the fulcrum 
is where the hand grasps the end of the shovel, and the force is 
applied where the other hand grasps the shovel. (Fox Photos) 

have to pull upward through a long distance to move the 
post a short distance. 

Notice that the fulcrum is the point on the lever that 
does not move. The lever turns about the fulcrum. The 
fulcrum may be at the end of the lever or anywhere be- 
tween the weight and the force. No matter where the 
fulcrum is, a lever multiplies force when the force-arm 
is longer than the weight-arm. Pliers, nutcrackers, tack 
pullers, and pump handles are levers that multiply force. 

However, not all levers are used to multiply force. When 
the weight-arm is longer than the force-arm, we multiply 
distance and speed instead of force. In the fishing pole 
the fulcrum is at the end of the pole toward your body. 
You apply the force with the hand that is only a short 
distance away from the fulcrum. The fish attached to 
the end of the pole is the weight. It moves farther and 
faster than your hand. The crane in Figure 187, fire tongs, 
a ball bat, a pitchfork, and a broom or mop are all ex- 
amples of levers that multiply distance and speed. 

Notice that when the fulcrum of a lever is between the 
force and the weight, one end goes up and the other goes 
down, thus changing the direction of motion. Figure 200 
on page 211 shows a lever that is changing the direction 
of motion, as well as increasing the force. 
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Fig. !^17. What kind of advantage does the bone lever in your fore- 
arm give? 

Self-Testing Exercises 

1. Make a drawing to show how you could pry up a stone 
weighing 200 pounds by using a force of 40 pounds. What is 
the mechanical advantage of your lever? How does the me- 
chanical advantage of your lever compare with the lengths of 
the force-arm and the weight-arm? 

2. Explain why it is possible to lift a heavy weight with a 
small force by using a lever. 

3. Make sketches to show the different ways in which the 
fulcrum, weight-arm, and force-arm may be arranged. Which 
ways multiply force? Which multiply speed and distance? 

Problems to Solve 

1. Keep a record of all the levers you can discover for your- 
self. After each one tell whether it is used to gain an advantage 
of force or of distance or to change the direction of force. 

2. Suppose you were carrying a heavy bag on a stick over 
your shoidder. Would you keep the bag close to your shoulder 
or out near the end of the stick? Make a drawing and explain 
why. 

3. Press down a key of a typewriter. What kind of machine 
is it? Make a drawing that will show whether you get an 
advantage of distance or of force. 

4. Shears for cutting tin and metal have long handles and 
short blades. Shears for cutting paper have short handles and 
long blades. Explain why they are not constructed alike. 

5. Would you place the load in a wheelbarrow near the wheel 
or near the handles? Make a drawing to explain your answer. 
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H OW DO PULLEYS HELP US? When you open a window 
that has cords attached to it, you are using another 
kind of simple machine. The cords run over small grooved 
wheels, called pulleys, in the window frame. Did you ever 
see a farmer lift a load of hay into a barn by using a rope 
and pulleys? Perhaps you have used a pulley and have 
found that it made your work easier to do. There are two 
different ways of using pulleys to do work. An experiment 
will help you understand both ways. 

Experiment 9. Ilow Do Pulleys Work? (a) Fasten a singl(' 
pulley three feet above the top of a table, as Figure 219 shows. 
Attach a strong cord to a pail of sand that weighs five pounds. 

Run the cord over the rim of the 
pulley wheel. Fasten the other end 
of the cord to the hook of the spring 
scale. Stand a yardstick on end 
behind the pulley so that you can 
toll how far the weight moves as 
your hand moves. 

Hold the ring of the spring scale 
ill one hand and pull downward at 
a uniform rate until your hand has 
moved one foot. Plow far has the 
weight moved? In what direction 
has it moved? How much force was 
registered on the spring scale in 
moving the five-pound weight a 
distance of one foot? What advan- 
tage is given by the pulley arranged 
in this way? 

b) Rig up a pulley like the one 
in Figure 220. This time the pail of 
sand and the pulley together should 
weigh five pounds. Attach the 



load with a crane and pul- 
leys (Acme photo) 


Fia, A single Fi«. A single movable Fni.iii'^l. Block 
fixed pulley pulley and tackle 


weight to the pulley and lift upward on the ring of the spring 
scale. Move your hand upward at a uniform rate for a distance 
of two feet. TIow far has the weight moved? IIow much force 
was registered on the spring scale? How does this compare 
with the weight of the })ail of sand? 

c) Rig up a combination of pulleys, as in Figure Use a 
pail of sand that weighs eight pounds. Hold the spring scale in 
your hand and move your hand downward at a uniform rate 
for two feet. lu what direction did the weight move? How far? 
What did the reading on the spring .scale .show? How did this 
compare with the weight of the pail of .sand? 

In part a of the experiment you found that when you 
lifted the weight a distance of one foot, you had to move 
the force a distance of one foot. Also, the force Llial was 
needed to lift the weight was about equal to the weight. 
As in the cuvse of the lever (part a of Experiment 8), the 
mechanical advantage of this kind of machine is owe when 
we pay no attention to friction. A pulley arranged like 
this one is known as a fixed pulley. It is called a fixed 
pulley because it does not move up or down. 
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Fig. 222. Here is a convenient crane that can be moved around on 
wheels to any place where something is to be lifted. How many 
pulleys can you see on the crane? Are they fixed or movable? Are 
there any levers in this picture? Figure out how the direction of the 
force is changed by this machine. 

Probably it does not seem to be of much help if you 
have to put as much work in as the work out. But a 
fixed pulley is of decided help in one way. Did you ever 
use a pulley of this kind to pull a flag to the top of a flag 
pole.^ It did not take much force to get the flag to the top 
of its very tall pole, but suppovse the pulley had not been 
there. You would have had to climb to the top of the pole 
carrying the weight of your body and the flag with you. 
So the real advantage in using a fixed pulley is that it 
changes the direction of the force you use. This makes 
it convenient for you to get the flag in its proper place. 

In part b of the experiment you used another arrange- 
ment of a machine : a movable 'pulley. As you pulled upward 
on the cord, the pulley moved upward with the weight, 
and your hand moved twice as far as the weight; so you 
lifted a five-pound weight with a force of two and one-half 
pounds. The mechanical advantage of a single movable 
pulley is t'wo (when we pay no attention to friction). 
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Fig. 22S, This picture shows various ways in which pulleys may be 
combined to make work easier. 

A combination of pulleys and a rope, known as a block 
and tackle^ is most often used by workmen (Figure 218). In 
part c of the experiment you found that with a block and 
tackle arrangement you could lift an eight-pound weight 
by using only about two pounds of force (shown on spring 
balance). The force moved four times as far as the weight 
moved; so the mechanical advantage in this case was /our. 

Of course, there are many other ways in which com- 
binations of pulleys can be rigged up (Figure 223). But 
the important thing to remember is this: The greater the 
number of pulleys used, the greater the mechanical ad- 
vantage. This is true because the greater the number of 
pulleys, the farther the force must move to lift the' weight 
a certain distance. When you see painters raising scaffolds 
or workmen lifting a piano with a block and tackle, you 
will understand how pidleys make work easier to do. 

Self-Testing Exercises 

1. Give an example ot* your own in which you have seen a 
single fixed pulley used. If you have not seen one, try to make 
up a situation in which you might use one. 

2. Make a drawing that will show how you might use a 
block and tackle to lift a boat weighing .300 pounds out of the 
water. Assume that you can pull with a force of 60 pounds. If 
you lifted the boat four feet, how far would you have to pull 
the rope? What would be the mechanical advantage? 
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OW DO INCLINED PLANES 
HELP US? The plank you 
used in Experiment 7 was an 
inclined plane. You found that 
it took less force to roll a loaded 
cart up a plank than to lift the 
cart. You also learned why this 
was true. The distance the bar- 
rel is moved up the plank is 
much greater than the vertical 
distance the barrel is raised. It is 
easy to find what the mechanical 
advantage of an inclined plane 
is. All that is necessary is to 
divide the length of the plane by 
the height of the upper end. In 
other words, if a plane is 10 feet 
long and the distance the object 
is raised is two feet, the mechanical advantage is five (if 
we neglect friction). The longer the board used, there- 
fore, the greater the mechanical advantage. 

H ow DOES A WHEEL AND AXLE HELP US? Ilave you cvcr 
seen a device like the one in Figure 2^4 used to raise 
water from a well or to raise a ship’s anchor or some other 
heavy weight? This kind of simple machine is a wheel and 
axle. An experiment will help you understand how wheel- 
and-axle machines make work easier. 


Fig. “^^24. With this machine 
the force moves in a circle 
to pull the pail in a straight 
line. (J. C. Allen photo) 


Experiment 10. Hoiv Does a Wheel and Axle Make Work 
Easier? In your school workshoj) or at home, make a piece of 
apparatus like the one in Figure ^25. Oil the bearings. Fasten 
a fifteen-])oun(l bag of sand to a small nail driven into the 
axle. Adjust the apparatus so that when you pull down on the 
heavy cord attached to the rim of the wheel, the cord will roll 
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around the axle and lift the weight. 

Be sure to clamp the apparatus to 
the table. 

When the apparatus is adjusted, 
pull down on the spring balance at 
a uniform rate of speed. What is 
the reading on the spring balance.^ 

Have two of your classmates hold 
yardsticks behind the weight and 
behind your hand. How far is the 
weight lifted? How far does your 
hand move? 

In I he experiment you found 
that it took only a little more 
than three pounds of force to 
lift the fifteen “pound weight. As 
the movable i)arL of the machine turned, the force had 
to travel a distance that was equal to the ciirumferemie 
of the large wheel. At the same time, the weight had 
to travel a distance that was equal to I he (drcumference 
of the axle. From the measurements you made in the 
experiment, you found that the force moved five Limes 
as far as the weight moved. Thus, the mechanical ad- 
vantage was five. 

How could you increase the mechanical advantage of a 
wheel and axle? As in the case of the other machines you 
have studied, this could be done by making the force 
move a greater distance in comparison with the distance 
the weight moves. Remember that the force has to move 
a distance as great as the circumference of the wheel while 
the weight is moving a distance equal to the circumference 
of the axle. With a larger wheel and a smaller axle, the 
force would have to move through a greater distance while 
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the weight moved a smaller distance. In this way the 
wheel and axle would help make work even easier to do. 

In Problem 1 you found .several examples of the wheel 
and axle. Some other machines of this kind are hoisting 
derricks on automobile wreckers, cranks, and the works 
of clocks and watches. (A crank acts as one spoke of the 
wheel of a wheel and axle.) When you study power 
machines in Unit 9, you will discover that almost every 
one of them is, in part, a wheel-and-axle machine. 

Self-Testing Exercises 

1. How could you increase the mechanical advantage of a 
wheel-and-axle machine? 

2. Why docs a car steer more easily if the steering wheel 
has a large diameter? 

H OW DO SCREWS HELP US DO WORK? YoU COuld not 
possibly lift one end of an automobile with your 
hands. But you probably have lifted part of the weight 
of an automobile with a jack. You may have seen work- 
men lift the corner of a house with a large jackscrew. How 
can these small machines lift such heavy objects by the 
use of only small amounts of forc^e? 



Fig. 226 . In this picture of an automobile jack can you find a wheel 
an<l axle in the jack? Is any part of the handle a wheel and axle? 



Fig. 227. A mountain road with its so-called switch-backs is an in- 
clined plane and a screw. You travel farther to get to the top, but 
you travel with less effort. (Photo by l)e Cou from Ewing Galloway) 

In each of these devices a screw lielps do work. A screw 
is really nothing but a cylinder with a spiral ridge around 
it. The spiral ridge is the thread. Some threads are V- 
shaped, and others are rectangular. Examine several kinds 
of screws to see what the threads arc like. A screw is a 
kind of inclined plane, as you can see from this experi- 
ment; Cut a right-angle triangle from lightweight card- 
board. Begin at the broad end and wrap it around a pencil. 
You will have a model of a screw. The screw in a jackscrew 
fits into a threaded base. The base is heavy and does not 
move. A long bar or handle is put into an opening in the 
top of the threaded cylinder. The handle is really a kind 
of lever. While the handle is turning in a large circle, the 
cylinder makes a smaller turn. This raises the cylinder 
a height equal to the distance between the top of one 
thread and the top of the next one. This distance is known 
as the 'pitch. 

With screws, as with other simple machines, the me- 
chanical advantage is in having the force move a great 
distance while the weight is lifte<l a very small distance. 
The force moves around the circumference of the big 
circle made by the handle, while the weight is lifted only 
the small distance of the pitch of the screw. You can 
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Fig. *^28. 13o you see any wheel-aiid-axle machines in this picture? Do 
you see any screws? (Nesmith and Associates photo) 

easily see that the mecliaiiieal advantage of this machine 
is large, for the circumference of the circle made by the 
handle will be many limes greater than the pitch of the 
screw. How could you increase the mechanical advantage 
of a jackscrew? One way would be to use a longer handle. 
Then the force would move through a much greater dis- 
tance in comj)arison with the distance the weight was 
lifted. Another way would be to use a screw having a 
smaller pitch. 

You may have seen a meat grinder, a bookbinder's 
pi*ess, a vise, and other similar machines in use. Each of 
these machines has a screw for its principal working part. 
Now when you see sucdi machines being used, you will 
know why they are of so muc*h helji in doing work. 
Self-Testing Exercises 

1. Which would make a jackscrew easier to operate; (a) a 
handle three feet long, or {b) a handle two feet long? Explain 
your answer. 

Why is it possible to have such a high mechanical advan- 
tage with a jackscrew? 
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Problems to Solve 

1. Explain why you can screw a nut on a bolt very much 
tighter with a wrench than you can with your fingers. 

2. Make a drawing of a vise. Why is it possible to clamp 
objects so tightly in a vise? 


jlanes, knife blades 


H ow DO WEDGES HELP US DO WORK? SuppOSC yoll 
needed to move a weight so great that you could 
not roll it up an inclined plane. Instead of trying to pull 
or roll the weight, you could drive the inclined plane 
under it. An inclined plane used in this way is called a 
wedge. When a woodsman uses an ax to split wood and a 
farmer uses a plow to break the soil, they are using 
wedges. The blades of carpenter^ 
and chisels are other examples 
of wedges. 

When a woodsman splils a 
block of wood with a wedge, he 
must force the wedge in a long 
distance to separate the wood 
a little (Figure 229). For exam- 
ple, if the wedge is ten inches 
long and two inches thick at the 
top, the wedge has to move 
ten inches to move the pieces of 
the block two inches apart. In 
other words, the force moves five 
times as far as the parts of the 
block spread, and the mechani- 
cal advantage of this machine is 
five. What kind of wedge would 
you need to use to get greater 

mechanical advantafem? If you ^ig. 229. A common use of 
used a wedge twelve inches long the wedge (Starek Studios) 



Fig. 230. You can easily see that a snow plow like this is a wedge 
and that it is made of two inclined planes. 

and two inches thick at the top, the force would move 
twelve inches while the wood was being forced two inches 
apart. The mechanical advantage of this wedge would be 
six. The longer the slope of the wedge and the narrower it 
is at the top, the greater its mechanical advantage will be. 
However, you must remember that the friction between 
the wedge and the material that is being split reduces 
the advantage. 

Self-Testing Exercises 

1. A wedge is a very inefficient machine. Explain why. 

2. If you want to use a wedge that has a very large mechaii’- 
ical advantage, what kind of wedge should you use? 

Problems to Solve 

1. Measure the screw of an automobile jack to find its pitch. 
Would a wider pitch between the threads of the screw make 
the jack easier or harder to operate? Explain. 

2. Suppose you can pull with a force of 100 pounds. How 
heavy a load could you lift with a single movable pulley? With 
a single fixed pulley? Why? 

3. In a wheel and axle the wheel has a circumference of 
three feet and the axle has a circumference of six inches. What 
is the mechanical advantage of the machine? If you could pull 
with a force of 100 pounds, how heavy a weight could you lift 
with this machine? 
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Fig. 231. A food-grinder with its screw, wedges, and wheel and axle 


4. A jackscrew has a pitch of onc-foiirth inch. The handle 
is three feet long. If the screw is well oiled, about how much 
could you lift by exerting a force of 50 pounds on the end of 
the handle? 

H OW DO SIMPLE MACHINES WORK TOCJETHER IN COMPLEX 
MACHINES? Many of the machines you use are com- 
binations of simple machines. Take for example the 
bicycle. As you ride, you push down on the pedals. The 
pedals and the front sprocket make a wheel and axle. The 
pedals are pieces of metal that act like spokes of the wheel, 
and the sprocket is the “axle.’’ The force from the sprocket 
is transmitted to the rear sprocket by a chain. Tlie rear 
sprocket and the rear wheel form a second wheel and axle. 
But in this case the force is applied at the axle, and the 
resistance is at the rim of the wheel. Thus this wheel and 
axle at the rear multiplies distaniie. With a large sprocket 
driving a small one and the small one turning a wheel 
with a large circumference, this combination of simple 
machines produces a great increase of speed and distance 
between your foot and the ground. 

The common food-grinder is another combination of 
simple machines. The crank is one spoke of the wheel of 
a wheel and axle. On the axle is a screw. Food is caught 
in this screw and pushed forward against the cutting edges 
at the outer end. These cutting edges are wedges. Thus 
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Fuj. Be Kure that you 
can explain how lliis ma- 
chine works. The spokes of 
wheels B and D are left 
out of tlie drawing to make 
it clearer. 


the food-chopper is a combina- 
tion of a wheel and axle, a screw, 
and wedges. Several additional 
screws are used to fasten the 
machine together and to clamp 
it to a table. 

The crane shown in Figure 232 
is also a combination of ma- 
chines. The force is applied at G. 
You see that gear wheel A, to 
which the crank is attached, is 
very small. This gear drives gear 
B, which is much larger, (jear 
B has axle C attaxdied to it. 


which is much smaller. Gear C drives gear D, which is 
much larger. Gear D is attached to axle E, which is much 
smaller. Around axle E is a rope that connects with a 
single movable pulley. By arranging several wheels and 
axles with pulleys in this way, handle G can turn around 
more than twelve times while axle E turns only once and 
lifts the stone perhaps six inches. Sometimes the beam (F) 
is used as a lever. It is attached at the lower end so that 


it can swing up or down, and is moved by a different set 
of wheels and axles. So you can see that a crane may 
be a combination of several wheels and axles, pulleys, 
and levers. 


If you have at home a sewing machine that you operate 
by pressing on a treadle, you will find that it is a com- 
bination of many simple machines (Figure 233). You 
apply force to the treadle, which is a lever. A rod transmits 
the force to a crank that is part of a wheel and axle. By 
means of a belt, the large wheel drives a small wheel at 
high speed to operate the parts of the sewing machine. 
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Fig. Some of tlie machines in Fig. 4.‘{4. How a windlass niiil- 
a sewing machine tiplies force 

These parts consist of many wheel and axles and h'vers. 
The needle that does the sewing is a wedge. All of these 
simple machines operating together increase the speed 
of the machine and change the direction of your for(*e 
to make the needle move through the cloth at a rapid 
rate of speed. 

When properly arranged, each simple machine in a 
series mulliplics the mechanicarad vantage. In the wind- 
lass (Figure supjiose that one wheel and axle (the 
crank and its gear) has a mechanical advanlage of twelve, 
and the other has a mechanical advantage af six. The total 
mechanical advantage of the windlass will be H x (>, or I'l, 
One pound of force on the crank will lift almost 1^1 pounds 
on the rope. 

An easy way to find the mechanical advantage of a 
complicated machine that multiplies force is to use the 
general principle for simple machines. Move the part 
where the force is appliefl a distance of, perhaps, three 
feet. Then measure the distance the working part has 
moved. Divide the first distance by the second to get the 
mechanical advantage. Thus, if the force has moved 
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three feet and the working part has moved one-half inch, 
the mechanical advantage of the machine is 72 (36 inches 
divided by .5 inch). 

Self-Testing Exercises 

1. What is the advantage of using a combination of simple 
machines? 

2 . How can you find the mechanical advantage of a com- 
plicated machine? 

Problems to Solve 

1. Suppose that the front sprocket wheel of a bicycle is eight 
inches in diameter, and the rear sprocket wheel is two inches 
in diameter. Suppose, also, that the rear wheel is twenty-eight 
inches in diameter. How far does the bicycle go while the pedal 
makes one complete revolution? (You might figure this out, 
using the dimensions on your own bicycle.) 

2 . Find out what is meant by a ‘‘high-gear bicycle’’ or a 
*‘low-gear bicycle.” 

S. Suppose that you live in a place where it is rather hilly. 
The dealer shows you two bicycles. On one bicycle the back 
wheel goes around five times while the pedals go around once. 
On the other, the back wheel goes around three and one-half 
times while the pedals go around once. Which bicycle would 
you rather have? Why? 

4. Examine as many of the following machines as you can to 
find what kind of simple machine is the basis of operation of 
each : clothes wringer, washing-machine, broom, ice-cream 
freezer, grindstone, sugar tongs, shovel, can opener, door knob, 
key, braking system on an automobile. Examine other ma- 
chines that are not mentioned in this list. You may find that 
some of the complicated machines are made of several kinds 
of simple machines. 

5. Find out how the brakes on an automobile work. (If pos- 
sible, use the handbook that comes with the car.) Figure out, if 
you can, the mechanical advantage of the brake mechanism. 





Fig. 235. This little chap knows how to reduce the friction in his 
roller-skates so that he can skate with less effort. 

Problem 4: 

HOW DO WE CONTROL FRICTION IN OUR MACHINES? 

H OW CAN FRICTION BE REDUCED? Ill Problem 2 you 
learned that a machine can never give out 100 per 
cent of the work that is put into it. You learned also that 
the work which is lost in a machine is lost because of fric- 
tion between its moving parts. Therefore you can see that 
it is important to have machines work with as little fric- 
tion as possible if we are to get the most work out of them. 
A simple experiment will help you realize how much the 
friction in a machine can be reduced. 

Experiment 11. How Mttch Do Rollers Reduce Friction? 
(a) Get a chalk box or a cigar box and some metal or wooden 
rollers. Round pencils will do very well. Put weights or sand in 
your box until it weighs several pounds. Fasten a spring balance 
to one end of the box and slide it along the top of a table at a 
uniform rate of speed. How much force is needed to pull the 
box? 

6) Now put rollers under the box and pull the load along 
the top of the table at a uniform rate of speed. How much force 
is needed to pull the box when it is on rollers? 
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Fig. 236. You can see the ball Ficn. 237. Tlie rollers of a large 
bearings in these wheels. roller bearing (Starek Studios) 


Tn the experiment you have just clone, you found that 
it took much more force to slide tlie box along the table- 
top than it did to move the load on rollers. In any ma- 
chine there are always moving parts that are in contact 
with each other. These parts can never be perfectly 
smooth. The little ridges and depressions on one part 
move against uneven places in the other part and cause 
friction. When surfaces slide past each other in this way, 
there is sliding friction between them. The bottom c^f the 
chalk box resting on the table top caused sliding friction 
that had to be overcome before you could move the load. 
In part 6 of the experiment you put rollers between the 
surfaces. As the box and rollers moved along, the tiny 
ridges and depressions that cause friction were lifted out 
of each other instead of being pulled against each other. 
Thus it was much easier for the box to move along. 

But there was still some friction. This friction between 
a roller or a wheel and a surface is called rolling friction. 
It is usually much less than sliding friction. Examine a 
roller-skate wheel carefully to see how it is made. Small 
steel balls roll around the skate axles. These sets of steel 
balls are known as hall bearings (Figure 236). In many 
kinds of machines they substitute rolling friction for 
sliding friction between the wheels ami the axles. 
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Figure 237 shows a kind of bearing that is used in 
heavier machinery. It looks like a set of tiny rollers in a 
larger wheel, and that is just what it is. It is a roller 
bearing. The axle of a heavy piece of machinery rests 
inside the rollers. As the axle turns, it turns the rollers 
around inside the bearing. Thus the rollers make the 
friction much less. Roller bearings, used on the axles of 
the best trains today, make it possible for the locomotives 
to pull heavier loads and increase our comfort as we ride. 
So one way of reducing friction between moving surfaces 
is to use steel balls or rollers instead of allowing the 
surfaces to rub against each other. 

We can reduce friction in another way. Rub two pieces 
of very rough wood against each other and notice how 
hard they are to move. Sandpaper each piece of wood 
until it is as smooth as you can get it. Rub the pieces to- 
gether again, and you will find that they are much easier 
to move. Do you see that another way of reducing friction 
between moving surfaces is tp make the surfaces as 
smooth as possible? 

Take the back off a good watch and find the place 
where the axles of the wheels turn. Be careful not to 
touch the works or to get any dust inside. Jewelers have 
learned that they can make watches keep better time if 
they reduce friction between the moving parts. Therefore 
the ends of each main axle are set in hard minerals known 
as jetvels. These hard substances are made very smooth, of 
course, so that the delicate mainspring can turn the 
wheels easily. Can you see why jeweled bearings make a 
watch more expensive? The next time you hear someone 
say that he has a twenty-one-jewel watch, you will know 
why the watch has jewels in it. 

There is still another kind of bearing used where parts 




Fig. 238. In this picture you can see at least four jeweled bearings. 
What simple machines can you see? (Starek Studios) 


of machines rub against each other. If the axles of a ma- 
chine and the bearings into which they fit were made of 
the same kind of metal, the machine would not run very 
easily. The tiny ridges and depressions in the axle would 
fit into the ridges and depressions in the bearings, and 
much friction would be produced. To reduce friction and 
wear where ball or roller bearings cannot be used, steel 
axles turn in bearings that are lined with a kind of soft 
metal known as Babbitt metal. 

Did you ever ride in an automobile that squeaked? The 
squeaking noise grew very tiresome, and either you or 
your father probably said, “This car should be greased.’^ 
When we grease or oil parts of machines that rub against 
other parts, a thin film of oil spreads out over the parts 
and keeps them from actually touching each other. The 
oil lets one part slide over the other more easily, and 
friction is reduced. So a fourth way of reducing friction 
is by using oil or grease to keep the movable parts of a 
machine separated. 

Of course, the proper kinds of oil must be selected for 
different purposes. The crank-case of a car needs cylinder 
oily the gears need a pasty kind of grease, and the springs 
need an oil and graphite mixture. Graphite is a form of 
carbon that is very “slick.” Small machines need a thin, 
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light oil, commonly known as machine oil, and different 
kinds of oil are even used in automobiles in different kinds 
of weather. 

H ow IS FRICTION USEFUL. TO US? Can you imagine a 
world without friction? Probably the nearest to that 
kind of world occurs during an ice storm. Roadways, 
walks, and steps are covered with a thick coating of the 
smoothest ice. The first people out do not realize how 
little friction there is. They go down one after another. 
Many bones are broken, and almost everyone who goes 
out falls sooner or later. Anyone who tries to run can 
hardly get started. Autos turning corners go whirling 
round and round. When they get on the side of a sloping 
street or road, they cannot get back to the middle again. 
A person can hardly get up a slope on foot until he has 
spiked soles, and automobiles need tire chains to press 
into the ice and increase the friction. 

The strange and often dangerous things that happen 
when everything is coated with i^e are caused by gravity 
and inertia acting with little friction. With no friction at 
all, gravity would pull all loose things down slopes into 
the low places. If you got started moving on a level space, 
you could not stop until you bumped squarely into some- 
thing. Then you would probably bounce off and start slid- 
ing in another direction. If you were stopped, you could 
get started only by pushing against some other object. 

Of course, we shall never see a world without friction. 
The only frictionless place we know about is out in space 
where the earth and other heavenly bodies have been 
spinning ever since they were started. In empty space 
there is no friction to stop them. But here on earth we 
both have and want friction. In fact, we often go to a 
great deal of trouble to increase friction between things. 



li'ici. ‘239. On a slick gymnasium floor we wear rubber-soled shoes, 
usually with ridges on the soles, to increase the friction between the 
floor and shoes. (Starek Studios) 

When yovi strike a match, yon choose a place that is 
rough, so that there will be greater friction. You liave seen 
a speeding automobile come unexpectedly to a red light. 
The driver put on the brakes, and the machine soon came 
to a stop. Tlie brakes are lined with a tough substance 
that causes much friction when pressed tigJitly against 
the brake drums on the wheels. The surfaces of the brake 
linhigs hold back on the surfaces of the drums and thus 
stop the wheels. At the same time the rubber tires with 
their ridges and grooves (the tread) ‘‘grip” the road with 
much friction and do their part in stopping the car. 

You can now understand that there are many places 
where friction in our machines must be controlled. Friction 
always changes mechanical energy into heat energy. This 
energy is lost. In the bearings and other rubbing surfaces 
of machines we arc careful to have as little friction as 
possible. Thus our work is done with less wasted energy, 
and the surfaces are kept cool and do not wear our rapidly. 
But brakes, tires, and other parts must have as much 
friction as possible. Thus they can change motion into 
heat and stop our machines when that is necessary. 
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All important machines are carefully inspected before 
use to make sure that the friction-controlling devices are 
in order. Mechanics go carefully over every locomotive, 
airplane engine, and racing car. They i:)ut oil on bearings, 
ynd they see that there is fresh oil in all the reservoirs 
with no leaks in the oil pipes. They inspect the bearings 
to see that there are no worn or loose-fitting Babbitt metal 
linings and no broken rollers or balls where rolling friction 
is used. The brake linings must be in good condition and 
correctly adjusted. The sand box of the locomotive must 
be full so that the engineer can “sand the track” for quick 
stops. The tires of automobiles must have good treads. 

If we are wise, we will check our own machines just as 
carefully, or see that they are insi^ccted by experts. Then 


they will do their work well and last lon£>er. In the case 


of our automobiles, we our- 
selves may live mucli longer 
because we are able to use 
friction effectively when we 
need it. 

Self-Testing Exercises 

1. Make a list of ways in 
which friction helps. In what 
ways is it a disadvantage? 

How can we reduce fric- 
tion? If possible, give examples 
different from those used in 
the text to illustrate your ex- 
planations. 

3. Why do we often sub- 
stitute rolling friction for 
sliding friction? Give a reason 



Fio. 240. We wind friction tape 
around the handles of baseball 


bats, tennis rackets, and hockey 


sticks to make them easier to 


for the difference. 


hold. (Starek Studios) 
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Problems to Solve 

1. Why are different kinds of oils used in different kinds of 
machines? Talk with ‘‘oil men’’ and read manuals that tell 
how to take care of machines. 

2. What is the coefficient of friction? A physics book will 
probably give you the answer. Can you calculate the coefficients 
of friction in parts a and b of Experiment 11? 

LOOKING BACK AT UNIT 4 

1. Copy the heading of each sub-problem of this unit. Try 
to answer each of these questions as briefly as possible and 
in your own words. The first sub-problem is on page 205: What 
kinds of work does man do with machines? 

2. Show that you understand the meaning of these words: 

mechanical advantage fulcrum work 

block and tackle machine jewel {watch) 

pitch {of a screw) foot-pound roller bearing 

lever jackscrew friction 

ADDITIONAL EXERCISES 

1. Get the members of your class to bring to school many 
different kinds of simple machines. Prepare an exhibit of these 
machines. Put a label on each machine, telling its class, how 
it works, its mechanical advantage (if possible), and other 
important items you may wish t^o add. 

2. See how many simple machines you can find in a kitchen. 
Make a list of levers, wedges, etc., that you find. 

3. Try to analyze some complicated machine, such as a 
bicycle or a sewing-machine, to find the simple machines used 
in them. Make a table showing the kinds of simple machines 
and the number you find in each complicated machine. 

4. Try to rig up a block-and-tackle system of pulleys that 
has six supporting cords. Make a diagram if you cannot get 
the pulleys. What is the mechanical advantage of your system? 

5. How would the amount of work done in carrying a fifty- 
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he use the plank under the chain? 


pound box ten feet along a level floor compare with the amount 
of work done in carrying the same box up a ten-foot stairway? 

6. Suppose a 160-pound man is painting the side of a house. 
He sits on a plank supported by a set of pulleys at either end. 
The plank weighs 25 pounds. How much work does he do if 
he pulls on the rope supporting the pulleys and raises himself 
and the plank 25 feet? 

7. Visit an automobile repair shop or machine shop to learn 
what use is made of simple machines. In a repair shop you can 
see many of the inner parts of automobiles. Be sure to get per- 
mission to look around the shop. Be careful not to get in the 
way of the mechanics, and do not handle things that should 
not be handled. 

8. Make a list of the parts of different machines that use 
inertia. For example, each sewing-machine has a heavy wheel 
to keep it running smoothly, and typewriter type strikes the 
paper after a quick stroke. 


256 


SCIENCE PROBLEMS, BOOK THREE 


9. Centrifugal force is a form of inertia, but it is an interest- 
ing study in itself. Read all you can find about it, beginning 
with pages 234-235 of Science Problems , Book 2. Then see how 
many machines you can find that use it. (You use it in a 
spring window-shade roller each time you raise the shade. 
How.?^) 

10. Make a list of the devices that use springs to store energy. 
For example, a spring in a door lock stores energy to push the 
bolt out again when you release it. 

11. How does a hydraulic press woi*k? An encyclopedia or a 
physics book will tell you. 

12. Find examples of devices that use the principle of the 
hydraulic j)ress. To begin with, you might look at a barber’s 
chair or a hydraulic jack in a garage. 

13. Study the mechanical brake system in a car. Make a 
diagram to show the different simple devices used. 

14. Find how the hydraulic brake system on an automobile 
works. 

15. Read in a reference book about differential pulleys to 
learn what they are and how they work. Then look for differ- 
ential pulleys in garages and machine shops. 




Yiii. Through millions of inih*s of wire, that spread like a network 
over almost all of our country, flcms that silent, invisible, and power- 
ful energy that we call electricity. It lights our buildings, makes 
heat for us, and runs our machinery. How do we produce this form 
of energy.^ What must we know about it in order to use it? The unit 
you are now to study will help you answer these cpiestions. (Nesmith 
and Associates photo) 


UNIT FIVE 


UNIT 5 

HOW DO WE MAKE ELECTRICAL 
CURRENTS? 


INTRODUCTORY EXERCISES 

1. Make as long a list as you can of the uses of elec- 
tricity, Mark with a star each way that you yourself have 
used electricity, 

2. What is meant by the term positive charge of 
electricity? 

*3. How could you use an electrical current to make 
a magnet? 

*4. What is meant by the field of force of a magnet? 
How could you show the field to someone who did not 
know about it? 

5. What would you need to make a simple electrical 
cell, that is, one that would make electrical current by 
chemical action? How would you arrange the parts so that 
the cell would work? 

6. Make a diagram to show how you would connect 
your cell to light a small light-bulb. 

7. What is meant by the voltage of an electric cell or 
generator? 

8. Explain how a simple electric generator makes 
electrical current. 

9. Where do we get the energy with which to make the 
great quantities of electrical current that are used in this 
country? 

10. How does a storage battery work? 
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LOOKING AHEAD TO UNIT 5 

H OW MANY times have you used electrical curi*ent in 
the last few days? If you live within reach of a great 
network of electric power lines, you have most certainly 
used it many times — for light, to toast your bread, to 
help you sweep, to keep your fo9d cool, to run toys, to 
ring door-bells, and to operate radios. If you do not have 
electric wires coming to your house, you may have your 
own electric power-plant run by a gasoline engine. 

Even if you do not have electrical current for general 
use, you may use electricity more often than you think. 
Every flashlight, every telephone, and every automobile 
uses electrical current. Electricity prints your daily or 
weekly newspaper. Electricity formed the plates from 
which this book was printed, and electricity plated the 
chromium and the silver on many of the things you use 
every day. Electricity carries telegrams, guides our air- 
planes, runs our street-cars, and lights our streets. How 
differently most of us would live if scientists had not 
learned how to make electrical currents! 
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Ki«. '^44. Michael Far- 
aday explains to his 
wife the discovery that 
made possible the elec- 
tric motor. A metal 
bar floating; on mercury 
whirled around a wire 
when electrical current 
passed t hroiigh the wire. 


People have not used electrical 
current very long. Less than 140 
years ago Alessandro Volta, an 
Italian scientist, discovered the first 
practical way to make an electric 
current. Volta discovered how to 
change chemical energy into elec- 
trical energy. Ilis invention was the 
ancestor of our modern electric 
“hatlery,” or cell. It was used at 
first by scientists to carry on ex- 
periments. Of course, it produced 
only a very small amount of elec- 
tricity— so small, indeed, that 2000 
of these cells were needed for some 
of the experiments the scientists 
were doing. You can easily see that 
such a cell had to be greatly im- 
proved or some other way of mak- 
ing electricity had to be invented 
before we could use electricity as we 
do today. The practical use of elec- 
tricity in our homes would never 
have developed far if it had not been 


for a great divseovery by the British 
scientist Michael Faraday. About 110 years ago Faraday 
found a way to change the energy of a moving machine, 
such as a steam engine, into an electrical current. 

Since the time of Faraday, that is, hi the last 100 
years, almost all the great inventions and developments 
in the use of electrical current have been made. Your 


grandfather and grandmother saw the development of 
electric lights and telephones. Your father and mother 
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can remember when there were no radios. You, yourself, 
will probably see other important electrical devices come 
into use. 

Of course, you want to understand all you can about 
how electricity works. Some devices, like the radio, are 
so complicated that you would need to do a great deal 
of special studying to learn how they work. But many 
devices are simple and not nearly so mysterious as you 
often think. In this unit you will learn something of how 
electricity acts and the important ways of making electric 
current. You probably know already how the current 
is used to make electromagnets, to light lamps, and to 
heat toasters. In Unit 8 you will learn how electrical 
currents are used to operate such devices as motors, 
telephones, telegraphs, and radios. 


Problem 1 : 

HOW DO ELECTRICAL CHARGES BEHAVE? 

O np: wiNTPm morning Jack Thprnpson was combing 
his hair vigorously. But the more he combed, the 
more his hair stood on end. It actually seemed to be 
trying to stick to the comb, and the comb made queer 
crackling sounds. If he had stood before a mirror in a 
dark closet, he could have seen tiny sparks around the 
teeth of the comb. When Jack laid the comb down, some 
scraps of paper on the table flew at the comb as if they 
were alive. Finally he got his hair to behave by wetting 
it thoroughly. However, when he brushed his coat, the 
white pieces of lint that he brushed off seemed to fly 
right back on the coat. When he finally got ready to 
start to school, he rushed for the front door. As he reached 
for the door knob, there was a sharp “crack,” and a 
needle seemed to stick his finger. 



Fig. 245. The simplest way of seeing what electrical charges will do 

Jack was in too much of a hurry to think about the 
queer things that were happening to him. However, when 
he went to his science class, his teacher, Mr. Crane, 
said that it was a good day to study static electricity. 
Most of the students did not know what static electricity 
was, even though they had heard ‘‘static’’ on the radio. 
So they began asking questions, but Mr. Crane told 
them that they could find out for themselves. He started 
them off on some experiments, and they did answer some 
of the questions. Yet, when they got through, they had 
more new questions than answers. 

H ow DOES STATIC, OR FRICTION AD, ELECTRICITY ACT? 

People knew about static electricity thousands of 
years before the time of Volta and Faraday. The ancient 
Greeks noticed that amber would attract little pieces 
of straw and thread after it had been rubbed, just as a 
rubbed comb attracts bits of paper. (Amber is yellowish- 
brown gum, or tree sap, that has hardened into a stone- 
like material. It is used to make beads and other orna- 
ments.) The Greek name for amber was “elektron”; so 
things that acted like amber were said to be electric. We 
now say that they have an electric charge or that they 
are charged with electricity. 

Experiment 12. How Do Frictional Chargjes Make Things 
Act? (a) Pub a hard-rubber comb vigorously on a woolen coat 
sleeve or run it through your dry hair. Bring the teeth of the 
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Fig. 246. Apparatus for part h of Experiment 12 

comb slowly down toward some very small, dry paper wads 
on the table. What does the paper do? Why? (This experi- 
ment may work better if the paper wads are laid on a clean 
piece of window glass.) 

b) Fasten a small dry paper wad (or a ball of pith) on the 
end of a piece of silk thread about one foot long. Fasten the 
other end of the thread on some support so that the paper 
hangs free in the air. Rub the comb on woolen cloth again 
and bring the teeth to the paper. What does the paper do after 
a moment? 

c) Rub a glass rod or a piece of glass tubing with a silk cloth. 
Then bring the glass near the paper that has touched the 
comb. What does the paper do at first? What does it do after 
it has rubbed along the glass for a few moments? If it flies 
away from the glass, try the comb again. Carefully write down 
just what happened in each case. Then write down the questions 
you want answered. 

Electric charges produced by rubbing one material 
on another, as you have done, are generally known as 
frictional electricity or static electricity. Of course, the 
name ‘‘frictional’" was given because of the rubbing that 
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riu. rrauces ivx. i^avis, ^v-ray artist oi oaiita ivtonica, t^aiiiornia, 
explains how she took this picUire: “One day when I was full of 
static; and in a hurry, I touched this film in the dark, and this pattern 
developed where sparks had jumped from my fingers.” 

was necessary to produce the electric charge. The word 
“static” means “at rest” or “standing still.” Scientists 
used to believe that charges of electricity produced by 
friction did not move. For this reason they gave them 
the name static electricity. 

In your experiments you probably found that a paper 
wad was at first attracted to the charged comb. In a 
moment or so after it had touched the comb, it flew away 
again and then moved around in all sorts of queer ways 
as if it were afraid of the comb. Yet, when you rubbed a 
glass rod with silk and brought it near the paper that was 
“afraid” of the comb, the paper moved toward the glass. 
After it had rubbed along the glass for a moment, the 
paper wad flew away from the glass and then seemed to 
be “afraid” of it. But, after flying away from the glass, 
it was attracted by the comb again. 
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Pieces of paper do not usually act in such queer ways. 
The invisible electric charges must have caused this 
strange behavior. How can we explain it? Sometimes 
the paper wad is attracted to the comb, and sometimes 
it flies away. When it flies away from the comb, it tries 
to touch the charged glass rod. There must be two kinds 
of electric charges, one kind on the comb and the other 
on the glass. Scientists came to this same conclusion 
after doing experiments like yours and many others. 
They said that the charge on a glass rod rubbed with 
silk was a positive charge. The charge that resulted on a 
rubber comb that was rubbed with hair or with wool was 
a negative charge. 

Can you tell from your experiments how two charges 
of electricity act toward each other? When the paper 
wad touched the comb, it received a part of the electric 
charge from the comb. Both were charged with negative 
electricity. Then the paper moved away, or was repelled. 
Next, you brought to the paper an^ object that was posi- 
tively charged. What did the negative charge on the 
paper do? It tried to get as near the positive charge as 
possible. But in just a moment the paper had taken 
part of the positive charge from the glass. Then it flew 
away from the glass. 

From the way these charged materials acted, you can 
see the reasons for the rules that scientists have made 
to describe how electric charges act. They say that two 
(liferent charges always attract each other. When the 
paper had a negative charge, the positive charge on the 
glass attracted it. When it had a positive charge, the 
negative charge on the comb attracted it. Scientists also 
say that two like charges always repel each other. When 
the paper had received part of the negative charge of 
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the comb, it was pushed away, or repelled, by the charge 
on the comb. These two simple rules seem always to hold 
true. In thinking about how electricity acts, you will find 
it very helpful to remember that different charges attract 
each other and like charges repel each other. 

Self-Testing Exercises 

1. How did electricity get its name? 

Write down the two rules that tell how two charges of 
electricity act toward each other. Give an illustration of each 
rule. If you can, use an illustration that is different from 
those in the book. 

3. Do the charges on two combs pull the combs toward 
each other or push them apart? How do you know? Plan a 
way to test your answer. If possible, try out your plan. 

4. Make up an experiment to show how a charged comb 
and a charged glass rod behave toward each other. Try out 
your experiment. 

W HAT IS ELECTRICITY? Many people would be greatly 
puzzled if you asked them to tell you just what 
electricity is. Have you wondered about it? You could 
not see that your comb was any different after you 
rubbed it than it was before. Yet it would attract pieces 
of paper. And in an instant after it had touched the comb, 
some invisible change had taken place in the paper, and 
the paper w^as repelled. You know, too, that electricity is 
carried through wires for long distances. A wire that is 
carrying electricity seems no different from any other 
wire. It looks just the same. It makes no strange sounds. 
Yet, if you touch a wire that is carrying an electric 
charge, you may be severely shocked or killed. What is 
this strange force called electricity? 

For a long, long time scientists were just as badly 
puzzled as you may be. Then, within the last fifty years 
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many of their experiments and discoveries began to fit 
together, and they came to have a rather clear idea of 
what this invisible force is. You remember that all mate- 
rials are made of molecules and that molecules are made 
of atoms. Scientists have dis- 
covered that all atoms seem 
to be made of two kinds of 
electricity — ^positive electric- 
ity and negative electricity. 

Every atom of every sub- 
stance contains both kinds. In 
every atom the positive and 
the negative charges just bal- 
ance each other; so the atom 
is neutral, or uncharged. Sci- 
entists have further discovered 
that the negative electricity 
exists in the form of tiny par- 
ticles called electrons. These 
electrons are able to move 
about quite easily. They can 
leave one material and go to 
another or move easily through 
some materials. 

Every atom of a material 
also contains one or more par- 
ticles that have a positive 
charge. The positive particles 
are called protons. Protons are nearly 2000 times as heavy 
as electrons. Unlike electrons, they cannot move easily. 
In all solid substances they seem to stay in their places. 
In every atom there is usually an equal number of elec- 
trons and protons; therefore the atom is neutral. 



Fie. 5^48. 
electricity 


This liuge static 
machine, made 
about fifty years ago, has two 
glass plates each seven feet 
in diameter, with strips of 
tinfoil on them. When the 
plates are whirled rapidly, 
the machine sends out a four- 
teen-inch stream of electrical 
sparks. (Museum of Science 
and Industry, Chicago) 



Fio. !^49. Be sure that you can explain this diagram, which shows 
what happened in part a. Experiment 1‘'2. 


Now let US see if we can explain what happened in 
your experiments. First, how did the materials become 
charged.^ To start with, your rubber comb was neutral. 
It had the same number of positive and negative particles 
in it. When you rubbed it on the woolen cloth, it became^ 
negatively charged. Now how did this happen? To have 
a negative charge, it must have gotten some electrons 
from somewhere. And that is what happened. It took 
away some electrons from the woolen cloth. Now it was 
no longer neutral because it had more electrons than 
were needed to balance the protons in it. It therefore 
had a negative charge. 

If you had a way to test the woolen cloth, do you 
think that it would show a positive charge or a negative 
charge? The woolen cloth would show a positive charge 
because it had lost some of its electrons, liubbing a 
glass rod with silk moves electrons from the glass to the 
silk. The silk gets a negative charge, and the glass then 
is left as positive. Now you see how we explain the 
charging of hard rubber and glass. 

But how was the paper attracted to the cliarged comb? 
To explain this, you will have to use the principle that 
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Fig. 250. This drawing shows what happened in part 5, Exj^erinient 
12. Be sure that you can explain it. 

like charges repel and unlike charges attract. When the 
comb (negatively charged) was brought near the piece 
of paper, the electrons in the paper were repelled to the 
opposite side of the paper (Figure 250). There was 
then an attraction between the negative charge on the 
comb and the positive charge on the side of the paper 
nearest the comb. The attraction was so great that it 
overcame the weight of the paper, and the paper dashed 
up to the comb. ' 

Next, you noticed that the paper was repelled after it 
was in contact with the comb for a moment. The electrons 
on the comb were pushing each other apart. Some of them 
were pushed over on the paper. Then the paper also had 
more electrons than protons; therefore it was negatively 
charged and was repelled from the comb. 

Self-Testing Exercises 

1. If all materials contain charges of positive and negative 
electricity, why do they not always show an electrical charge? 

2. What change must take place in a body to give it a 
negative charge? A positive charge? 

3. Explain why a piece of paper is at first attracted toward 
a charged comb and then repelled. 
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Fig. 251. Porcelain and glass are the common materials used for 
electrical insulators. 

H OW DOES ELECTRICITY MOVE? You are now ready to 
learn another important fact about how electric 
charges act. Use a comb as you did in Experiment 12. 

Experiment 13. How Does Static Electricity Escape from 
Charged Bodies? (a) Charge a comb by rubbing it with a dry 
woolen cloth. Pick up some scraps of paper to make sure that 
the comb has a charge. When you are sure it is charged, rub 
your hand all over the comb. Again try to pick up the scraps 
of paper. Is the comb still charged? 

h) Charge the comb in the usual way and rub all the charged 
part on some metal, like a piece of wire. Be sure to pass it 
between the teeth of the comb. Is the comb still charged? 

This experiment shows that the electric charge on a 
comb disappears when it is rubbed on your hand or on 
a piece of metal. Scientists have found out by these 
and other tests that electrical charges cannot move 
easily through such things as glass, dry air, rubber, resin, 
and the materials most pens and combs are made of. 
But charges can move easily through moist air, the 
human body, metals, and carbon. These materials through 
which electric charges can pass easily are called electrical 
conductors. Silver and copper are our best conductors. 



Fi<i. 457. Api:)aralus for Kxperiiiieiit 15 


his father. ""You hustle ri^>ht up there and pull it nut.^’ 
When Toni had pulled the wire out, they screwed in 
still another fuse, and the lights were all right. Then 
Tom’s father explained to him about the fuses, switches, 
and wires in the house. Here are some of the things 
Tom learned. 

H ow DO WK CONTKOn lODKCTKIC^AD t’URKKNTS? To USe 
electrical current in ways that are helpful to us, we 
must make the current flow, guidoit, and start and stop 
it whenever we want to <lo so. We do these things when 
we make an electric bell ring. 

Kxpkriment 15. II (my Do We Control Electrical Current to 
Ring a Bell? Connect a dry cell to a push-button or switch 
and to a bell (or buzzer) with insulated copper wire, so that 
the wire forms a jiath, or circuity for the electrons to go from 
the cell througli the bell and back to the cell again (Tigure 
457). You may put the push-button or switch either in the 
wire that goes from the cell to the bell or in the wire that 
i-arries the electrons back to the cell. Push the button or close 
the switch so that electrons can go all around the circuit. Hoes 
the bell ring? Kxplain the use of each part in controlling the 
ele<*tric current. What advantages has an electric bell over 
other kinds of bells? 
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The use of an electric current to ring the bell in this 
experiment shows you the important parts of any elec- 
trical circuit. The dry cell takes electrons from the center, 
or positive, binding post and pushes them out through the 
other, or negative, binding post. The copper wire is a good 
conductor; it allows the electrons to pass through it easily. 
Notice that there is one path to take the electrons to the 
bell and another to bring them back to the cell. This ar- 
rangement is necessary to form a complete circuit. Around 
the copper wire is cotton, silk, rubber, or enamel, so that 
the electrons cannot get out of the wire without going 
where we want them to. The bell uses the current of elec- 
trons to operate a magnet that moves the clapper back 
and forth. The push-button, or switch, lets the electrons 
through when we want to ring the bell and makes a gap 
to stop the electrons when we do not want the bell to ring. 

Every simple electrical circuit has these four parts: 
(1) something to make the electrons flow, (2) a good 
conductor arranged in a complete path for the electrons, 
(3) one or more devices to start, stop, or regulate the cur- 
rent, and (4) something to use the current. 

Let us see how electrical circuits in modern houses 
provide these four parts. The current is brought to each 
house by at least two wires that come from a machine 
called a aeiierator. The venerator makes the electrons flow 

by taking electrons 
out of one wire and 
forcing them into the 
other wire. The gen- 
erator is in a ‘‘power- 
house,” where it can 
be run by an engine 
or by a water-wheel. 



Fig. Diagram of a push-button 


Fkj;. ‘259. At the left is the metal switch box. In the center is the meter. 
At the right is the fuse box with the armored cable leading oflP to 
the various circuits of the house. (Claiule J. Dyer photo) 

Where the wires come into the house is a large switch to 
turn the current into the wires in the house or to shut it 
off. This switch is protected by a steel box, so that it will 
not be touched by accident. In the same box or in an- 
other one near by are fuses, or automatic circuit breakers. 

The fuse works the way it does because of an interest- 
ing characteristic of electrical currents. Every electrical 
current meets some electrical friction^ or resistance^ as it 
passes through its conductor. You know that when two 
objects are rubbed together, the mechanical friction 
produces heat. Electrical friction, or resistance, also 
produces heat. And the larger the current, the greater 
is the amount of heat. In fact, when we send twice as much 
current through the wire, the wire gives out four times 
as much heat. 

Now you are ready to understand what a fuse is for 
and how it works. If the wires in a house carry only as 
much electric current as they should, tliey give out heat 
to their surroundings as fast as it is formed. They do 
not become hot. However, if we connect too many de- 
vices with the wires, so much current will flow that the 
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Fig. 260 . Screw-plug fuses. The fuse at the right has been “})uriie(l out.’* 


wires will become very hot. They may even become red- 
hot. Then they will burn away tlie insulation, and they 
may even set the house on fire. 

All the electrical current that goes thi'ough the wires 
in a house must also go through a fuse. Sometimes it 
goes through several fuses. Each fuse is a piece of soft 
metal. Usually it is inside a porcelain or glass "‘plug’’ 
tliat is easily screwed into the circuit. This soft metal 
fuse is made just the right size to carry a safe current 
without getting hot. But as soon as a dangerous amount 
of current goes through it, the fuse metal gets hot, melts, 
and automatically stops the current. The fuse keeps the 
wires in the house from getting too hot because it breaks 
the circuit if too much current is 
passing through the wires. When 
the metal in a fuse melts, a new 
fuse must be put in. Usually you 
will find one pair of large fuses foi* 
all the electricity used in the house, 
and several pairs of smaller fuses 
for the circuits in different parts 
of the house. Some houses are now 
being equipped with switches that 



Fig. 261 . A fuse 
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fly open wlicn the wires are overloaded with eleetrieity. 
When the danger is over, someone can close the switches 
again instead of having to put in a new fuse. 

Near the main switch and fuse box you will usually 
find the electric meter that measures the electric energy 
used in that building. You can se 
disk inside the meter. When this 
disk is turning, some electricity is 
})eing used. As more and more lights 
or motors are turned on, the disk 
turns faster and faster. 

From the switch and fuses, wires 
run in pairs to all parts of the house 
where the current is used. The wires 
in all carefully wired houses are well 
insulated. They are covered first with 
cotton thread, then with rubber, and 
outside the rubber with cotton cloth. 

Fvc'ii insulated wires are never allow- 
ed to touch wood or nails. In some 
liouses they are fastened to porcelain 
"‘insulators.” Where they go through a wall, they are put 
iiiwside porcelain tubes or other special tubes. However, 
the best way is to run the insulated wires inside metal 
I>ipes or in ‘‘armored cable” (Figures ^59 and ^Ziy^Z) to 
metal boxes where lights, switches, or “outlets” are 
located. When wires are inclosed in metal pipes or (tables, 
rats and mice cannot chew off the insulation. 

The lights and other devices that use the current are 
all connected in such a way that part of the current of 
electrons can go through one light and right back to the 
generator. Another part goes through another light, and 
so on (Figure 263). .This plan of connecting devices to- 




Fig. 268 . How a number of electrical appliances may be connected 
in parallel so that electrons can flow through any one of them alone 

geth r is known as a 'parallel circuity or parallel connection. 
When several devices are connected ‘"in parallel,” you 
can turn on one light or one toaster without having 
everything else going. However, each light or toaster 
or iron that you turn on requires that much more cur- 
rent. If you turn on too many devices, enough current 
will go through the wires to melt the metal in the fuse. 
If this happens, you should turn off some of the devices 
before you put in a new fuse. 

Sometimes two wires touch each other, or a boy sticks 
a piece of metal into a light socket. Then the electricity 
can go back to the generator without going through a 
lamp or a toaster or a sweeper. This is called a short 
circuit. Because the current does not have to flow through 
some electrical device, there is very little resistance to the 
flow of the electrons; so the amount of current that can 
pass through the wire is greatly increased. When this 
happens, so large an amount of electricity can get through 
that usually a fuse melts. You should be careful to find 
the trouble in the wiring before putting in another fuse, 
or the new will be “blown” (melted), too. 

One of the two wires that go to an electrical device 
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Fig. 264. How a light is connected in series with a switch. Does the 
drawing show the light on or off? 

usually goes through a switch of some kind, so tha^ we 
can turn that device on and off without affecting ner 
devices. Sometimes the switch is in the socket right 
above the light bulb. Sometimes it is in the wall near 
the door. Can you see how the wires would need to be 
connected to have the switch near the door? 

Notice that a switch and a lamp are connected to 
each other so that the electrons go through one and then 
through the other when the switch is closed. This method 
of connecting devices together forms a series circuit; 
that is, the devices are connected in series (Figure 264). 
Each electron must go through every device in the 
series or there is no current for any of them. You have 
already learned that when devices are connected in 
parallel, some of the electrons go through each device 
without going through the others. 

You have now seen some of the ways by which electric 
currents are controlled to make them useful and safe in 
our homes. The conductors and insulators are arranged 
to form a path for the electrons. Then we connect in the 
circuit, either in series or in parallel, the devices for 
using the current and for regulating it. Switches open 
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and close the path according to our wishes. Fuses are 
used to shut off the current when it becomes dangerous. 
If you understand these facts, you can use electricity 
and electrical devices much more intelligently. 


Self -Testing Exercises 

1. What are the important parts of a simple electrie circuit.^ 
Make a diagram to show how they are connected. 

2. Why do at least two wii'es go to each electrical device? 
8. Why are fuses used in the electrical system of a house? 

Why do they sometimes “blow"’? 

4. Why are eleetric-light wires carefully insulated? 

5. What is a short circuit? What usually happens in a 
house-lighting system when tliere is a short circuit? 

6. (a) How are the wires arranged when several devices 
are connected “in parallel “? Use a diagram in your answer. 
(b) How are devices connected in series? Draw a diagram. 

7. Make a diagram to show how tlie wires are arranged 
to turn a ceiling light on and off with a switch in the wall. 

Problems to Solve 

1. Are the fuses in a house circuit in series or in parallel 
with the lights? 

2. Make a diagram to show how the wires, switches, and 
fuses would be connected to supply three different lighting, 
circuits inside a house. 

8. If you have electric wiring in your home, study the wires, 
switches, meter, and fuses to see how they are connected. 
Then make a diagram of as much of it as you can find out 
about. 

4. Take a light socket to pieces and find out how the 
electricity gets to the lamp and how it is turned on and off. 

5. Fuses that screw into sockets have numbers on them- — 
5, 10, 25, etc. What do these numbers mean? You may have 
to ask about this problem or read about it to find the answer. 
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Fi(j. Parts of tlie ordinary socket. Such sockets are often 

easily repaire<l if you know how to take them apart. Put you must he 
sure that the current is off. 


(>. If you liad to put a new light socket in the ])lace of a 
worn-out one, how would you protect yourself from a shock? 

7. When a fuse blows, some people put a one-cent piece 
behind the used fuse to earry the current instead of getting 
a new fuse. Why is this dangerous? 

8. Christmas-tree lights are frequently connected in series. 
What disadvantage do you see in this plan? Wluit advantage? 

9. Take a push-button apart to find out how it works. 

Problem 3: > 

HOW DO WE USE CHEMICAL CHANGE TO MAKE 
ELECTRICAL CURRENT? 

H OW CAN YOU M.\KK TKK IT V BY CllKMlC AL .\(:TI0TV? 

You now have a. general picture of how electricity 
behaves and how we <*ontrol it for our uses. You will 
next find out what really happens to make the electrons 
flow through the circuits. Scientists know several differ- 
ent ways of making electri<*al currents, but most of our 
current is produced by two kinds of devices. These two 
kinds of devices are cells, or “batteries,” and generators. 
In cells, chemical substances are arranged in just the 
right way to make the currents. In generators, magnets 
and wires are arranged so that by turning the generators 
we get current. 



Fig. ^66. A home-made galvanometer for Experiment 16 

Electric energy is much cheaper when it comes from 
generators, but generators are heavy machines. They 
must also be kept turning all the time when we need 
current. As a convenient source of small amounts of 
electricity, inventors have made cells called ‘‘dry bat- 
teries,*^ or dry cells. TV^e use them where we cannot get 
small amounts of current from wires connected to gen- 
erators. You have probably seen flashlight batteries and 
other dry cells many times. Do you know what is in them 
and how they are able to produce an electrical current? 
Could you go to your own kitchen and make a cell that 
would really work? 

Experiment 16 . How Can You Make a Simple Cell? (a) For 
this experiment you will need some convenient way of telling 
when you have an electric current. Oet a cardboard or wooden 
box just large enough to hold a magnetic compass. Wind some 
insulated copper wire of convenient size around the middle 
of the box about five times. Fasten the wire so that it will not 
unwind. Leave long ends to connect to your cell. 

Place your compass in the coil and turn the box so that the 
compass needle and the coils point in the same direction. 
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Fig. 267. A home-made simple cell for Kxperiment 16 

Support the box on its lid or on two books or boxes so that it is 
level and is not easily shaken. Xhe device that you have just 
made is called a galvanometer* When a current of electricity 
passes through the wire, the compass needle will swing to the 
right or to the left, depending on which way the current is 
flowing through the wire. 

h) Fill a glass tumbler or small jar about two-thirds full 
of dilute sulphuric acid. (To dilute the acid, pour one part of 
concentrated acid slowly into ten parts of water in a large 
beaker, stirring with a glass rod or tube as you do so. Caution: 
Never pour water into concentrated sulphuric acid*) With a 
hammer and small nail make a hole near one comer of a strip 
of zinc at least one inch wide and five inches long. Fasten the 
bare end of an insulated wire in the hole so that it makes good 
contact with the zinc. Prepare a strip of copper in the same way. 
The wider your piece of copper, the better the cell will work. 
Bend the strips to hang on the edge of the tumbler. 

Connect the copper and zinc to your galvanometer so that 
any current they make will go through the coils around the 
compass. Hang the copper strip in the acid. Does anything 
happen to the strip or to the compass? Lower the zinc strip 
into the acid, but do not let it touch the copper. What happens 
to the compass? Notice the bubbles on the zinc and the copper. 
They are hydrogen. 

Notice that the current gets weaker and weaker. This 
weakening of the current is caused by bubbles of hydrogen 
collecting on the copper plate. The hydrogen prevents the 
liquid from coming into contact with the plate and thus stops 
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the flow of electrons. The cell can usually be made strong 
again by rinsing the copper plate in water and then wiping 
it off with a piece of paper towel. (Always rinse the plates 
before laying them down.) A cell of this kind with a rather 
large copper plate should give current enough at first to ring 
a small bell or buzzer. Try it. 

c) Try two copper plates to see if they make a current. 
If you have strips of other metals, like iron, tin, aluminum, 
and lead, try them in the place of the copper and zinc to sec 
whether other metals make a current. 

d) Try a solution of vinegar, table salt, or ammonium 
chloride (sal ammoniac, that you can buy at a drug store), 
instead of the sulphuric acid. Do other chemicals make a 
current? Try a sugar solution. 

These experiments with metals and solutions give you 
the important ideas about making electric current by 
chemical action. You noticed that no current was pro- 
duced if both plates were of the same metal. Thus, for 
a cell that will make electric current, you need to haA c 
two plates, or electrodes^ of different metals and a solu- 
tion of a chemical that will make a chemical change in 
one of the metals. Zinc and copper will make more 
current than most pairs of metals. 

In the cell you made, the sulphuric acid changed some 
of the zinc of the zinc electrode into zinc sulphate. The 
zinc sulphate dissolved in the liquid. When this happened, 
a great many electrons were left on the zinc plate. This 
gave the zinc plate a negative charge, and the electrons 
repelled one another through the wire to the copper plate. 
(Remember that like charges repel.) In this way a cur- 
rent of electrons flows from the zinc electrode through 
the wire to the copper electrode. At the copper electrode 
the electrons cause still another change that produces 
hydrogen. 




Fig. 268 . The diagram at the left shows a cell at the instant the elec-^ 
trodes are put in the solution. From your study of this page and of 
page 288 you shouhl be able to explain the right -haml diagram fully. 

You can show the cdieinical changes that go on In your 
simple cell by writing them in a chemical senten<*e, or 
equation. In words the equation looks like this: 

Zinc and (change) Zinc sulphate, 

sulphuric acid > hydrogen, and 

(containing clu'ini- (into) electrical energy 

cal energy) 

In chemical symbols the e(|ua.ti()n looks like this: 

Z11+H2SO4 - ZnS 04 + H.2 

((roiilaining chemical +electrical energy 

energy) 

In every electric cell one of the plates is used up or 
(changed chemically. In your cell the zinc plate is used 
up; it serves as fuel to make the cell work. Notice also 
that the chemical energy of the zinc and sulphuric acid 
is changed into the energy of the electric current. Your 
simple cell soon becomes useless because of the bubbles 
of hydrogen that cover the copper electrode. The bubbles 
of hydrogen gas act as insulation around the copper ; th€‘re- 
fore little current can get through. Let us see how a 
better kind of cell works. 
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Fig. 269. A cut-open dry cell Fig. 270. Parts of a dry cell 


H OW DOES A DRY CEL.D WORK? The battery in a flash- 
light is usually made of two or three small dry cells. 
You have already used a large dry cell in Experiment 15. 
Get a worn-out flashlight cell or a full-sized dry cell and 
see how it is made. 

Experiment 17. Hmo Is a Dry Cell Constructed? Remove 
the paper or cardboard covering from your worn-out dry cell. 
The metal can is made of zinc. Is it smooth and whole, or have 
the chemicals “eaten” holes in it? bay the cell on a news- 
paper. With a hammer and dull chisel or screw-driver cut a 
slit down one side and around the bottom. Unroll the zinc 
and take the cell to pieces, layer by layer. Compare it with 
Figures 269 and 270. What takes the place of copper in this 
kind of cell? 

The active chemical in a dry cell is ammonium chloride. 
(Did you smell ammonia in your cell?) The pasty mass 
in the middle contains water to dissolve the ammonium 
chloride. When the cell is delivering current, hydrogen 
collects on the carbon electrode in the same way that it 
did on the copper electrode of the simple cell. As you 
know, this will stop the chemical action, and the cell will 
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grow weaker. To prevent the collection of hydrogen on 
the carbon, a chemical called manganese dioxide is used. 
This chemical removes the hydrogen by combining with 
it to form water. 

If a cell gives a large amount of current for a time, it 
becomes weaker because the manganese dioxide cannot 
combine with the hydrogen as fast as it is formed. After 
a rest the cell will again give a large current because the 
hydrogen has had time to combine with the manganese 
dioxide and to change into water. For this reason it is 
better to turn a flashlight on and off occasionally rather 
than to keep it lighted for a long period of time. The 
action of the dry cell is very much like that of the simple 
cell. The ammonium chloride combines slowly with the 
zinc. As a result of the chemical action, electrons are left 
on the zinc electrode, and the zinc electrode becomes 
negatively charged. Part of the electrons are then repelled 
through the wire that makes the circuit. 

As in the simple cell, the zinc, acts as the fuel and is 
used up. As soon as holes appear in the zinc covering of 
a dry cell, the water evaporates, and the cell is “worn 
out.” Boys sometimes collect used dry cells and renew 
them for experiments. To do this they make nail-holes in 
the sides of the cells and set each cell in a separate jar of 
water. The water soaks into the cell, and there are enough 
chemicals and zinc left in the cell to give current for 
some time. 

Dry cells are a convenient source of current because 
they are light to carry and because no liquid can spill 
from them when they are turned upside down. The chief 
difficulty is that we must buy new cells whenever holes 
are eaten through the zinc can. How many uses of dry 
cells do you know? 



Fig. 5 ^ 71 . Are these cells conned e<l in series or in parallel? Wliat 
voltage is being produced? 

H OW IS ET^ECTRICAL PRRSSIJKK BUIET UP IN A BATTERY? 

You have probably heard tlie leriii volt used to 
describe an electrical current. For example, you may have 
heard of a 110-volt current. What does this mean? Per- 
haps the best way to exiilain this is to compare it with a 
water system consisting of a tank connected with pipes. 
If the tank is half full of water, it will force a certain 
amount of water through the pipes. This is because the 
weight of the water has a downward pressure, as you learn- 
ed in Science Probleins, Book '2. The water flows through the 
pipes because of this pressure. The greater the pressure, 
the more gallons per minute will flow through the pipes. 

Now let us see how this helps us understand an elec- 
trical current. As the chemical change in the atoms of 
zinc causes electrons to collect on the zinc; plate, they build 
up a pressure, an electrical pressure. They do this because, 
as you know, the electrons have a negative charge and 
repel each other. Electrical pressure is measured in volts 
(named after the Italian scientist, Volta, who made the 
first cell). Thus, volts of electrical pressure are somewhat 
like pounds per square inch of water pressure. Scientists 
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have an exact definition of a volt, but it will be better 
for you to remember that a dry cell gives about 1.5 volts 
of pressure. The simple cell you made in Exi)eriment 16 
gave a pressure of a little more than one volt. 

When we need more electrical pressure (or imltage) 
than one dry cell will give, we connect two or more cells 
together in a series to make a battery; that is, a battery 
is simi 3 ly two or more cells connected together. Large 
dry cells, used to operate many small electrical devices, 
are usually connected as shown in Figure 271. Each cell 
adds 1.5 volts until we get the voltage we need. In a 
flashlight battery a piece of brass on top of the carbon 
rod is pushed against the bottom of the next zinc can 
(Figure 272). Thus they are really connected just like 
the cells in Figure 271. When cells are connected in series, 
the electrons go through one cell after the other just as they 
do through a switch and a light when they are in series. 

Where current is used for lighting homes, it is usually 
brought into the house wires with a pressure of 110 volts. 
That is, the pressure in the house wires is about ns great 
as would be produced by 75 dry cells connected in series. 


Self-Testing Exercises 

1. What parts are needed to make a simple electric cell? 

2. When a simple cell is made from zinc, copper, and sulphu- 
ric acid, does the zinc or the copper receive a negative charge? 



CAmm km hotuw > - * •■■■ 

Fig. 272. Parts of a three-cell flashlight 
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3. What substances undergo a chemical change in a simple 
cell? In a dry cell? 

4. Would you expect to get any electrical current from a 
simple cell made with an iron nail, a piece of an aluminum 
pan, and some sulphuric acid? Tell why. 

5. (a) Make diagrams to show how four dry cells are con- 
nected together in series. (6) What is the advantage of con- 
necting several cells in series? 

6. What is the difference between a cell and a battery? 

Problems to Solve 

1. Is the positive connection of a dry cell in the middle of 
the top or at the edge? How do you know? 

2. When you buy a flashlight, why do you need new bat- 
teries occasionally? 

3. Is a dry cell really dry? Explain your answer. 

4. Find out how cells are connected in 'parallel. For what pur- 
poses is the parallel connection used? 

H OW DOES A STORAGE BATTERY WORK? Every time 
you ‘‘step on’’ the starter button of an automobile, 
a storage battery is connected with a motor that cranks 
your engine. Have you ever had to crank an engine 
when the storage battery had gone “dead”? If you have, 
you know that it takes a great deal of force. Unless you 
are very strong, you cannot do it, especially when the 
engine is very cold. 

Ordinarily, the only attention a storage battery needs 
is to have distilled water added occasionally. Sometimes, 
however, the battery goes “dead.” When this happens, 
it must be charged; that is, a current of electricity must 
be run through it. When this is done for a period of time, 
the battery will again supply a current. You can see 
that a storage battery differs from a dry cell. A dry cell 
cannot be recharged. When it is worn out, it must be 




Fig. 273. Apparatus for Exi>eriment 18 


thrown away and a new one provided. Now let us find 
out how a storage battery works. 

Experiment 18 . How Can You Make a Simple Storage Cell? 
(a) Fill a tumbler or small jar two-thirds full of a solution of 
sulphuric acid in water (one part of concentrated acid poured 
slowly into three parts of water). Place in this solution two 
clean lead plates that do not touch each other. Connect the 
lead plates to a bell. Does it ring? Why? 

6) Connect three dry cells in series and send their current 
through the lead plates and stdphuric acid for several minutes. 
Watch carefully for any signs of chemical action. Disconnect 
the dry cells. Lift the lead plates out and examine them. 
(^Caution: Do not get the add on yourself or on the table.) Are 
the plates now alike or different? 

c) Return the plates to the acid and connect them to an 
electric bell. The bell should ring for some time. 

d) When the bell has stopped, disconnect it and send cur- 
rent through the lead plates again. Then see how long the 
storage battery will ring the bell. 

Are you surprised to see how easily you can make a 
storage cell? However, you will be disappointed if you 
charge your cell and let it stand for a time. This simple 
cell will not remain charged very long. 


295 




i#: mm M0 lem 

. '\em0m W HAG SGHmm 

fm " ' &isciM0fif m cf li 

Fig. ^74. Can you explain fully what happens in a storage cell? 

The storage cell generates a (-urrent in the same way 
that your simple cell did. After you had sent the current 
through your lead plates, you found that one of them had 
a brownish covering. The other was a gray lead-color. 
The brownish material is an oxide of lead (Pb02), formed 
because the current produces oxygen at that plate. Thus 
there are really two kinds of plates in the acid — one of 
lead oxide and one of lead (Figure !274 A). The plates 
have been formed and the cell is charged. When you con- 
nect the plates to the bell, it rings until the lead and the 
lead oxide are changed to lead sulphate. You are now 
discharging the cell (Figure ^274 B). To charge the cell 
again, it is only necessary to send a current through the 
plates in the opposite direction (Figure 274 C), and the 
plates change back to lead and lead oxide. The storage 
cell will now ring the bell again. 

Does the storage cell store electricity.^ If someone 
should ask you how to store some electricity, you would 
probably tell him to get a storage battery. But let us 
take a more careful look at what happens. The energy 
of the current that charges a battery causes a chemical 
change in the lead. This chemical change produces lead 
oxide on one of the plates. When this happens, the energy 
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of the electrical curreiit is changed to chemical energy. 
Thus, a storage cell does not store electricity; it stores a 
compound containing chemical energy. This chemical 
energy is changed back into the energy of an electric cur- 
rent when you need it. But you cannot expect to get out 
as much energy as you put in. Ordinary storage batteries 
are from 65 to 75 per cent efficient; that is, tliey will give 
back only from 65 to 75 per cent of the energy used in 
charging them. 

The storage cells we use in auto-lighting systems have 
in them the same materials you used in your simple 
storage cells. However, they are carefully constructed to 
give large currents for a long time. The plates are very 
large, and they are made in the form of lead frameworks, 
or grids. Into these grids spongy lead and lead oxide are 
pressed to make thick layers of active material. The 
plates are placed very close together in the cell with thin 
pieces of wood or rubber to keep them from touching 
each other. This kind of cell can be discharged and 
charged as many as 500 times 
before it wears out. 

Each lead storage cell gives 
about two volts of ele(;lrical 
pressure. Most uses reciuire a 
higher voltage. Therefore, if 
you examine the storage bat- 
tery of a car, you will find 
that it is really a battery in- 
stead of a cell, for it is made 
of three separate cells con- 
nected in series by lead bars 
across the top. Since each 

c;ell gives a pressure of two Fig. 275. A storage battery 





Fig. 276. What two Avays of producing electrical current are shown 
in this picture? Into what kinds of energy is electrical energy being 
changed? Of course you know that electricity does not make heat 
for the heater. What does it do to the heater? 

volts, the auto storage battery furnishes a total of six 
volts of electrical pressure. 

In the automobile the storage battery is used to furnish 
current for several uses. When the motor is not running, 
the battery supplies current for the lights and horn, and 
for a radio and cigar-lighter, if the car is equipped with 
these conveniences. When you wivsh to start the motor, 
the battery gives current for the starter and spark-plugs. 
Then, when the motor is running, a generator attached 
to the motor sends current through the battery to re- 
charge it so that it is always ready for use. 

On the dash of the car is an instrument that shows 
whether the storage battery is being charged or dis- 
charged. Usually this instrument is an ammeter; that is, 
it is an ampere meter, or ampere measurer. The size of 
an electrical current or the rate of flow is measured in 
amperes just as we measure the rate of flow of water in 
gallons per minute. (The word ainpere came from the 
name of a great French scientist, Andre Ampere.) A 60- 
watt light bulb in a house circuit usually requires about 
one-half ampere of current. An electric iron usually uses 
about five amperes of current. An automobile starter 
may use as much as 200 amperes of current for a short 
time while it is turning the engine. 
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When a car is running without lights, the ammeter 
should show that from ten to fifteen amperes of current 
are flowing through the storage battery to charge it. If 
the ammeter does not show “charge” when the car is 
running at a reasonable speed, without lights or radio on, 
something is wrong, and the car should be taken im- 
mediately to a service station. A good storage battery 
that is well cared for lasts quite a long time. Some of the 
water gradually evaporates, and some is decomposed by 
the charging current. This water must be replaced 
regularly (about every two weeks) with water that con- 
tains no minerals. Distilled water is usually used, \mt 
clean rain-water caught in glass or earthen vessels may 
be used. Ordinary well water or faucet water should 
never be used. Water from these sources contains minerals 
that will be deposited on the plates and ruin them. 

In a fully charged battery, the hydrometer reading 
shows from 1270 to 1300. (Pure water would read 1000 
on the hydrometer.) If the readipg falls below 1150, the 
battery should be taken from the car and recharged at 
once. If the cells give readings that are very much different 
from one another, the battery probably needs repairs. 

Storage batteries have 
several important uses in 
addition to their wide use in 
automobiles. A few trucks 
and automobiles are run 
by electric motors that get 
their current from large 
storage batteries. Some lo- 
comotives in mines are 
driven by current from 
batteries they carry. Tele- Fig. 277. Automobile ammeter 



Fig. 478. Sometimes the electrical supply to buildings is interrupted. 
For this reason it is important that hospitals, factories, etc., have 
an emergency supply of electrical energy. This is available in the 
form of many storage batteries, which will furnish light for several 
hours. (Museum of Science and Industry, Chicago) 

phone exchanges and small power-plants have batteries 
to supply current when the generators are not running 
or when extra power is needed. Country homes often 
get electricity for their lights from storage batteries that 
are charged by a generator run by a gasoline engine. 
Sometimes when they do not have electric lights, country 
people operate their radios with storage batteries that 
are kept cliarged by a small windmill. 

Sielf-Testing Exercises 

1 . How is a simple storage cell like any other simple electrical 
cell? How' is it dilferent? 

4. What is the form of energy that is stored in a storage 
battery? 

3. Why is it correct to call the part you put inside a large 
flashlight a battery instead of a cell? 

4. Tell why a storage battery is a very useful part of an 
automobile. Why is it better than dry cells? 

5. How can a person tell when the battery in his auto- 
mobile is fully charged? 
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6. Why does a battery service-man put distilled water in a 
battery instead of tap water? 

7. Would you need more storage cells or more dry cells to 
give an electrical pressure of twelve volts? Tell how you know. 

Problems to Solve 

1. Why do we often use batteries instead of generators; 
that is, what advantages do batteries have? 

Why do dry cells have paper covers? 

3. Is it correct to say that the zinc plate in a simple cell 
dissolves as the cell is used? 

4. What advantages has a storage battery over a battery 
made of dry cells? What disadvantages? 

5. Can you taste electricity? Attach a wire to each ])ost of 
a dry cell or each plate of a simple cell. Clean the other ends 
of the wires and touch both to your tongue at the same time. 

6. Can you make an electric cell from a lemon? Stick a 

sharp knife into a lemon in two places. Then push a stri]) of 
zinc into one place and a strip of copper into the other. Attach 
wires to the strips and test to see whether a current is being 
produced. ^ 

7. Visit a battery service-station or repair shop and see 
what you can learn about the construction, charging, and 
repair of storage batteries. 

Problem 4: 

HOW DO WE USE MECHANICAL ENERGY TO MAKE 
ELECTRICAL CURRENT? 

H OW CAN A MAGNET BE USED TO MAKE p:lECTRON8 
FLOW? Cells and batteries are very convenient 
sources of electric current, and we use them a great deal. 
But if we had to depend on batteries for electric current, 
we could not afford to use electric lights, electric refriger- 
ators, or vacuum-sweepers. The metal and chemicals 
that would be used up in the cells would be too expensive. 
We could have no large electric motors, no electric cars. 



Fig. 279. This Diesel engine and electrical generator furnish the 
electricity to operate a dredge in a gold mine in Idaho. 

or locomotives. More than 99 per cent of all the current 
we use in this country is made by generators. 

Figure 279 shows a Diesel oil engine that drives a 
generator. The engine is at the left side of the picture and 
has many parts. You can see two generators at the right 
end of the engine. Each one has a ring on top of it. The 
smaller generator makes current for the magnets of the 
larger generator. These generators change the mechanical 
energy of the engine into the energy of an electric current. 
The current is carried through large copper cables to 
electric motors that operate machinery. How can such a 
generator make electrical current.^ As you have already 
learned, it was the great scientist Michael Faraday who 
discovered that he could use magnetism to make an 
electrical current. Every electrical generator uses the 
principle discovered by Faraday a little more than 100 
years ago. 

There are many ways of showing how magnetism 
makes electric currents. An easy way is to use a magnet, 
a small coil of wire, and a sensitive galvanometer. 
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Experiment 19. Ilcnv Can You Make Electric Current with 
a Magnet and Coil? (a) If you do not have a sensitive galvano- 
meter, you will need to borrow one. You can make the coil 
yourself, as follows: Trim the end of a board until it is about 
three-fourths of an inch thick and one and one-half inches 
wide. Round off the corners. It is better to have the board 
taper a little toward the end you use so that the coil will slip 
off easily. Wind at least 100 turns of ^No. 30 or 40 insulated 
copper wire in a compact coil about tlie end of your board. 
Leave the ends of the wire long. Blip the coil off the wood 
and tie thread around it in several places to hold the wire 
together. 

b) Connect your coil carefully to the galvanometer. Hold 
the coil still and move one end of a magnet through the center 
of the coil. Is there a current? Remove the magnet, still watch- 
ing the galvanometer. What happens? 

c) Hold the magnet still and move the coil over one of its 
poles. Hoes this make a current? 

d) Move the magnet or the coil more rapidly. Hoes the 
rate of motion make any difference? 

e) Now use two magnets, with like poles of the magnets 
together. How does the strength of the current compare with 
that obtained with one magnet? 
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Ki<;. J^ 81 . Ill experiments with magnets you have probably shown 
the field of force with iron filings on cardboard or a glass plate. 

Every magnet has a magnetic field arniind it, as yon 
k'ariied in Science Prohlemti^ Book 1. You may picture 
this field as many invisible lines running from one pole 
of the magnet to the other. Scientists call them lines of 
magnetic force. What P'araday found out was that elec- 
trons try to flow in a wire whenever the wire moves across 
the invisible lines of any magnetic fiehl. It does not make 
any difference whether the wire moves or the magnet 
moves. The electrons will flow just the same. 

In your experiment you moved a magnet through the 
center of your coil. Each of the magnetic lines around 
the pole of the magnet cut ac^ross 100 wires. Enough 
electrons flowed around your c*oil and through the gal- 
vanometer to make the needle move. You were using 
the principle discovered by Michael Earada^^: Whenever 
a conductor (ivire^ cuts magnetic lines of force^ electrons 
tend to move along the conductor. If there is a complete 
circuit, there will be an electric*al current. The more lines 
of force that are cut in a second of time, the more current 
will how. 

You can easily see three ways to have more lines of 
force cut in one second. You used two of tliem in Experi- 
ment 19. In one part you moved your magnet more 
rapidly. In another you made a stronger magnetic field 
by using two magnets. The third way is to have more 
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turns of wire in your coil. You will soon see lhal all 
three ways are used to get strong currents in generators. 

H ow DOES AN EUKOTHIC GENERATOR WORK.?^ YoU can 
make a toy generator that will help you unclersland 
belter how a generator works. 

> 

Experiment 20. TIou^ Can a Coil of Wire Act lAhe an Electric 
Generator? Get a straight piece of stiff wire at least six inches 
long. A steel knitting needle is excellent. Carefully push the 
wire through the ends of the coil you used in Experiment 19, 
so that you can spin the coil by rolling the wire shaft between 
your fingers. Connect the coil to the galvanometer. Hold it 
between the poles of a large U-magnet (Figure 282) or be- 
tween the N-pole of one l>ar magnet and the S-pcjh» of another. 
Rotate the coil rather rapidly and watch the effect on the 
galvanometer needle. Does the current go in the same direc- 
tion all the time? What difficulty would you have in keeping 
your generator going all the time? 

You have made your coil and magnet into an electric 
generator. The magneto shown in Figure 288 is a kind 
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Fkj. !^88. A iiuigueio Fig. ^84. Armature of a generator 

of generator that uses several magnets and a coil with 
many more turns of wire than yours. The wire of the 
coil is wrapped around a piece of iron that rotates very 
rapidly between the poles of the magnets. The iron helps 
to make more lines of magnetic force right where the 
wires can pass through them because the lines of force 
can pass more easily through iron than through air. The 
rotating piece of iron with its many wires is called the 
annature (Figure 284). This magneto makes current 
enough to light the lamp you see connected to it. It will 
even give you a slight shock. Magnetos are used to ring 
tlui bells of many telephones in rural districts. Often they 
are used to supply the current for the spark-plugs of 
trucks and tractors. 

When large amounts of current are to be generated, 
permanent magnets are not large enough or strong 
enough. Then electromagnets are used in the generators, 
and they are called field 7nagnets, Figure 285 shows a 
simple generator that has an electromagnet to make a 
strong magnetic field. This generator will light an auto- 
mobile headlight or ring a bell when you turn the crank. 

You may have been wondering how a real generator 
is arranged to carry the current out of the rotating coil 
without having wires to get twisted as they did in your 
experiment. You noticed that the current from your 
306 




rings and brushes (General Electric photo) 


generator was an alternating^ or “back and forth,’’ current. 
To use that kind of current, two rings, called sli'p rings^ 
are usually fastened to the generator shaft, but they are 
insulated from it. Then one wire from the armature is 
fastened to each slip ring. A strip of metal or a block of 
carbon, called a brush, rubs on each ring. The current 
thus passes from the armature to the outside circuit 
through the slip rings and brushes. Can you see the slip 
rings in Figure 286 ? 
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But generators do not always make alternating current. 
To make direct current, that is, current that flows in the 
same direction all the time, the generator must have a 
commutator. The commutator for a simple generator is a 
single ring that is cut into two separate halves (Figure 
287). One end of the armature wire is connected to each 
half. One brush also rubs on each half. During one half- 

lh<^ curreriL goes one way 
in the armature coil and out 
through wire A to brush A. 
Then it passes through the 
outside circuit and back into 
the coil through brush B and 
wire B. Just as the current 
starts to go the other way 
in the armature coil, wire B 
slips from brush B to brush 
A and begins sending current 
out through brush A. In this 
way the current always goes 
out of the armature through 
brush A and in through brush 
B. In large direct-current gen- 
erators there are many coils on the armature and many 
sections in the commutator. Such a generator gives a 
much steadier current than a simple generator. 

When you turn a magneto or generator that is not 
connected to an electric circuit, it turns very easily. You 
are not producing any electrical current. Then, if you 
push a button to . close the circuit so that the generator 
begins to make a current, you will find that it is much 
harder to turn. That means that you are using mechanical 
energy to make the electricity flow. All electric generators 


Fig, ^ZH7. Diagram of a direcl 
current generator 
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use mechanical energy to make electric energy. In Thiil 9 
you will learn how the energy of moving air, falling water, 
steam, and exploding gas is changed into electrical energy. 

Electric generators are used in many different situa- 
tions. Every modern airplane, tractor, truck, bus, auto- 
mobile, and motor-boat carries an electric generator, and 
sonijetimes two or three. Every 
and every passenger car has a 
generator to make current for its 
lights. Those on the locomotives 
are run by small steam turbines, 
and those on the cars arc run by 
bell s from the axles. Many country 
homes have generators to make 
current for lights. Each large tele- 
phone exchange and radio station 
has several generators. Many 
pumping stations and factories 
make their own electric^al current, 
h^very large steamboat, ocean 
liner, and battle-ship has genera- 
tors running day and night to 
furnish current for electrical de- 
vices all over the ship. You can now begin to rc'alize 
why the electric generator is one of the most helpful in- 
ventions ever made. And all these different machines 
th«at use generators, as well as hundreds of others, have 
developed from a sliglit jerk of a needle that Michael 
Faraday saw in the year 18.S1 ! 

Self-Testing Exercises 

1. A magnet is near a coil of wire. The ends of the wire are 
connected to a galvanometer. Suddenly the needle moves a 
little. What has happened to the wires in the coil? 
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2. Draw a simple diagram to show how a magneto can 
make a current flow. 

3. Name three ways of strengthening the current caused by 
a magnetic field. 

4. Tell how you could make a toy electrical generator. 

5. What kind of current does a single 
coil give when it is rotating in a magnetic 
field? 

6. What is the use of slip rings on a 
generator? 

7. Why do some generators have com- 
mutators? 

8. Tell in one sentence what a generator 
does to energy. 

9. List six different kinds of places 
where generators are useful. 

Problems to Solve 

1 . Tell where you have seen electric gen- 
erators and what their current was used for. 

2. How does a large electric generator 
use the three ways of getting a strong 
current from a magnetic field? 

alternating-current 3 Devise slip rings or a conimuta<tor or 
dy^mo (Richard t)oth for the coil and shaft you used in 
Lxpenment 20 and put them on. You wdl 
probably need to make some bearings for the shaft. 

4. Would it be a good plan to make a generator entirely of 
copper? Why? 

5. If a generator produces only 80 volts when 110 volts are 
needed, what are some ways of raising the voltage? 

6. Does a generator turn harder when it is generating a 
small current or a large one or when it is not generating? 
Explain why. 

7. Why can generators with electromagnets be made to 
produce larger currents than those with permanent magnets? 
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8. Why do we use storage batteries in automobiles and not 
on bicycles? 

9. What would you think was the matter if you were turn- 
ing a generator for an experiment and it suddenly began to 
turn very easily? 

LOOKING BACK AT UNIT 5 

1, Turn to the table of contents where the problems of 
this unit are stated. Copy each problem. Then answer it in 
about one-half page. Be sure to include in your answers the 
really important ideas, 

2. Show that you know the meaning of each of the follow- 
ing words: 

ammeter conductor galvanometer positive charge 

ampere electron generator series connections 

armature fuse short-circuit alternating current 

repel field magnet insulator storage battery 

circuit volt electrical current parallel connections 

ADDITIONAL EXERCISES 

1. Can a wire be moved through a magnetic field in any 
way without causing electrons to flow? If so, how? 

2. Make a diagram to show how a generator could be 
connected to send its own current through its field magnets. 
There are at least two simple ways of doing it. 

3. Why does an alternating-current generator need some 
outside source of current for its field magnets? 

4. Why does the needle of the galvanometer described in 
Experiment 19 move when a current goes through the coil? 
To answer this exercise, read in such reference books as phy- 
sics texts or encyclopedias to find how galvanometers work. 

5. Is the electrical resistance of a small wire more or less 
than that of a large wire? 

6. Make a study of electrical insulators. What materials 
are used? What are their shapes? Why are they made of these 
materials in these shapes? 
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7. Find out how storage batteries are used in submarines. 

8. What are the advantages of generators over cells? Of 
cells over generators? 

9. Make a diagram of a circuit by which a bell will be rung 
by a push-button either at the back door or at the front door. 

10. Work out a diagram of a circuit so that a bell in the 
kitchen and a bell upstairs would both be rung by the button 
at the front door. 

11. Work out a diagram of a circuit by which the button 
at the back door will ring a buzzer and the one at the front 
door will ring a bell, but only one battery will be used for both. 

12. What advantages can you see in using electricity to 
carry power to the wheels of a stream-line train or to the pro- 
peller of a boat? What disadvantages? 

13. If a large coil is set upon a shaft that runs east and west 
and is provided with a commutator, why will it generate a 
current when it is rotated? 

14. A metal plate with a [positive charge and another with 
a negative charge are placed in a solution that contains both 
positive and negative particles. Why will the positive and 
negative particles be separated? 

15. From a physics book learn the rule that tells the direc- 
tion in which a current will flow in a generator coil. (In physics 
books it is customary to say that the current flows from positive 
to negative. The electrons really flow in the opposite direction.) 

16. Learn from reference books how an “electric eye,” or 
'photo-electric cell, works and how electric eyes are used. 

17. What is a thermooouple? How does it make an electric 
current? 

18. Read about induction machines or electrostatic inachines. 
How do they work? 

19. Electricity can really be stored in a Leyden jar. Find 
out what a I^eyden jar is and what can be done with it. 




Fkj. ‘200. As far back as we have any record in history, man has invented 
instruments to make sound. Most of these were musical instruments. 
Some of them were used to sound warnings, to send messages, and to 
call the people together for meetings. The picture on this page shows 
Ihc development of the trum[)et from the cow’s horn of thousands of 
years ago to the fine brass and silver instruments of today. To make 
the many different musical instruments that we have, man has ha<l 
to discover many things about the science of sound. In your study of 
this unit you will learn some of the things that he has discovered. 
(Photo from the Museum of Sciemre and Industry, (-liicago) 


UNIT SIX 



UNIT 6 

HOW DO WE USE SOUND? 


INTRODUCTORY EXERCISES 

1, Listen to all the different sounds that are coming 
to your ears. Make a list of them and tell what causes 
each sound. 

Can you tell the direction from which the sounds 
in Exercise 1 came without looking to find where they 
came from? 

3. How does the sound of a bell get from the bell to 
your ears? 

4. If you were standing 800 yards from a gun that was 
fired, could you hear the report as soon as you saw the 
smoke from the gun? Why? 

5. What is the difference between pleasant sounds and 
sounds that are annoying? 

6. Why are piano strings of different lengths and 
different diameters? 

7. With your eyes closed, can you tell whether music 
is being produced by a violin, an organ, or a flute? How 
can you tell the difference? 

8. Describe how you make sounds when you talk. 
Explain fully why you are able to make different kinds 
of sound. 

9. How are you able to hear sounds? 

10. What causes echoes? 
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Fig. 291. In this picture an acoustical engineer is using a delicate 
electrical instrument, called a sotmd-level meter y to measure the amount 
of noise in the room. (Celotex Corp. photo) 

LOOKING AHEAD TO UNIT 6 

P ROBABLY the first thing yon hear in the morning is the 
alarm clock. You lie in bed half awake and half asleep, 
undecided whether to get up. Your mother does not hear 
you getting up; so she decides to come and see about you. 
You hear her coming and get up before she gets there. 
You hear sounds which tell you that the rest of tlie 
family are up. Soon your mother calls you to breakfast. 

At breakfast you listen to the family talk. Your father 
asks you if you have prepared your lessons, and you join 
in the conversation by replying. Before you realize how 
much time has passed, the clock strikes. This tells you 
that you must hurry, or you will be late for school. On 
your way to school you hear the sound of automobile 
horns warning you of the traffic. The policeman’s whistle 
tells you when it is safe to cross the street. 

At school the bell tells you when to begin work. You 
listen to the directions your teacher gives, and you hear 
your classmates recite. You hear the noise of many feet 
as the boys and girls go from class to class. During the 
music period you hear a phonograph reproduce musical 
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Yig. 494. Each of these boys is xjroduciiig sound in a different way. 
What are the four different ways, and how are they all alike in one 
way? Why does each instrument make its own kind of sound? What 
does it mean to say that the boys are j^laying “in tune’" or “out of 
tune”? This unit will help you answer these questions. (Ewing 
Galloway j>hoto) 

sounds, or perhaps yon hear the school orchestra play. 
You recognize many of the different musical instruments 
by the kinds of sounds they make. The bass viol has a 
deep, low-pitched sound; the flute has a mellow sound; 
and the violin has a high, clear, singing tone. Probably 
your class sings with the orchestra. You are producing 
sound when you add your voice to that of the others. 

These are but a few of the ways in which sounds have 
affected your life during a single <lay. They told you when 
to get up, when to cross the street in safety, and when to 
play. Sound enabled you to communicate with other 
people and to receive their thoughts. It helped you to 
learn about things around you and to enjoy them. 

The importance of sound in our daily lives can hardly 
be overestimated. For example, think of a deaf person. 
As a child he has great difficulty in learning to talk be- 
cause he cannot hear and imitate the sounds other people 
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Fio. 293. These giant sound detectors are really mechanical ears. 
They gather sounds and, by the use of delicate electrical devices, 
make them stronger so that airplanes far uy) in the sky may be heard, 
(Ewing (lalloway photo) 

make. Sueli people often learn lo (‘oinmiinieate with each 
other by making signs willi their hands. If you have ever 
watched two deaf people ‘‘talk with their hands,” you 
realize what a handicap it is to be unable to hear. Often 
we read in the newspapers that a person was killed by a 
train because he was deaf and could not hear the warning 
sounds. 

Think of some other ways in whicdi sound is important 
in everyday life. Many families live in thin- walled apart- 
ment houses; so there must be some way of keeping down 
the noise in order to make their living conditions com- 
fortable. In large offices the many typewriters and adding 
machines must work as quietly as possible. In auditor- 
iums sound must be controlled in such a way that speakers 
and music can be heard clearly in all parts of these large 
rooms. Classrooms must be arranged so that the sounds 
from one room will not interfere with the work in another 
room. Loudspeakers are installed in large waiting-rooms 
of railroad stations to announce the arrival and departure 
of trains; and speaking tubes are often used in buildings 
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to communicate from one floor to another. In fact, sound 
is so important in modern life that acoustical (sound) 
engineers are often employed to help solve the problems 
that arise in controlling sound. 

If you are like most other people, you are curious about 
things that happen about you. Why is it often several 
seconds between the time you see a fla.sh of lightning and 
the time you hear the thunder? Why does a vase or other 
object setting on a piano often “rattle” when a certain 
note is played? What kinds of materials are used in 
insulating our buildings against sound? How are phono- 
graph records made? What makes these records reproduce 
sounds? What causes the sound when a bugle is played? 
How do “sound phones” help partially deaf persons to 
hear? By reading this unit and doing the experiments you 
will learn some important facts about sound. Then you 
will be able to answer such questions for yourself. 

Problem 1 : 

WHAT IS A SOUND? 

H OW ARE SOUNDS STARTED? The sound of one of your 
classmates whispering in your ear is very different 
from the sound of a drum. The sound of a fire siren is not 
at all like a heavy crash of thunder. Yet all sounds, from 
the faintest to the loudest, are alike in some ways. This 
experiment will help you find out how all sounds are alike. 

Experiment 21. What Causes Sound? (a) Place a drum on 
the floor or on a table with one end upward. Strike the skin 
covering. Quickly put the tips of your fingers on the skin. 
Can you feel it vibrating? Strike the drum again and quickly 
sprinkle some fine pieces of cork on the skin. What happens 
to the cork? What does this show you? 

b) Make a rubber hammer by pushing a small wooden or 
iron rod into the hole of a rubber stopper. Use this hammer to 



strike a tuning-fork. Quickly hold 
the fork near your ear. Can you 
hear a sound? Touch your finger 
to one of the prongs. Does it feel 
the way the vibrating drum head 
felt? Strike the tuning-fork again. 

Touch the tip of one of the moving 
prongs to the surface of some water. 

What is the result? 

c) Fasten a stiff bristle or paper 
triangle about one inch long to the 
end of one prong of a tuning-fork 
with a drop of wax. Smoke a piece 
of window-|>iine with a candle flame 
until one side is entirely black. Lay 
the pane down with the smoked side 
up. Strike the tuning-fork and draw the tip of the bristle across 
the glass. What kind of pattern is traced by the bristle? What 
does this show you about the sounding fork? 



Fig. 294, Tuning-fork and 
plate on which it has re- 
corded its vibrations 


In Experiment 21 you found that each of the objects 
that produced sound was vibrating; that is, it was moving 
rapidly back and forth or up and down. You could feel the 
drum head vibrating when you placed the tips of your 
fingers on it. When you sprinkled the finely ground pieces 
of cork upon the vibrating drum head, they began to 
“dance’’ rapidly. You could see that the drum was making 
them bounce. When the tuning-fork was giving out sound, 
you could feel the vibrations of the prongs. The prongs 
also spattered the water when you placed them in it. The 
bristle on one prong of a tuning-fork showed you that the 
fork was moving rapidly back and forth. 

Have you ever watched the clapper strike the gong of 
an electric bell? If so, you saw the gong quiver, or look 
blurred, because it was vibrating. When you are standing 
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Ficj. 295. These are actual photographs of the vocal cords, taken with 
the aid of a mirror placed in the back of the mouth cavity. At the 
left are shown the cords in position for breathing. At the right are 
the cords as they look when a jjerson is speaking. (Photos by courtesy 
Dr. Mack D. Steer and Dr. Joseph Tiffin, Purdue University) 

near a steam engine and the whistle blows, you can some- 
times ‘^feel” the vibrations that it causes. If you stretch a 
rubber band or a violin string tightly and pluck it with 
your finger, you can hear the sound it makes and see that 
it is blurred because it is vibrating. From these observa- 
tions you can understand that all the sounds you hear 
are alike in this way: They are all produced by something 
that is vibrating. 

We use sounds to communicate with each other. What 
vibrates to make the sounds of your voice? Place your 
thumb and forefinger on your ‘'Adam’s apple,” or ‘'voi<*c- 
box,” while you say a few words. As you speak, you can 
feel your “Adam’s apple” move. Stretched across the inside 
of your voice-box, or larynx, are two folds of strong tissue. 
These folds are known as the vocal cords. It is the vocal 
cords that vibrate as you speak. From Figure 295 you 
can see that the outer edges of the vocal cords are fastened 
to the “frame” of the larynx. This frame is made of 
cartilage. The inner edges of the cords are free and c*an 
be moved closer together and farther apart by muscles. 
The^" can also be drawn tight by muscles. 
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To understand how the vocal cords produce sound, you 
can do a simple experiment. Stretch a wide rubber band 
rather tightly so that the two edges of it are close together. 
Blow between the two edges. If you do this just right, 
you will hear a sound produced by the vibrating rubber. 
This is the way the vocal cords produce sounds. 

All the air you breathe in aiul out passes through your 
voice-box. As you breathe in, the vocal cords are drawn 
back with one on each side of the voice-box. The air passes 
between the cords and goes on down the windpipe into the 
lungs. However, when you talk or sing, something else 
happens. Tiny nerves from your brain are connected with 
the small muscles that control the vocal cords. When you 
want to speak or sing, your brain sends messages along 
these nerves to the muscles. The muscles pull the vocal 
chords together and draw them tighter, so that there is a 
narrow slit between them much like the slit between the 
rubber bands. Then, as your chest muscles force the air 
out of your lungs, the air makes the vocal cords vibrate. 
By making the cords tighter or looser the muscles can 
regulate the kinds of sound 
you make. 

You must not get the idea 
that the voice-box with its 
vocal cords is the only part 
of your body that helps you 
make intelligent sounds. 

Your lips help you speak by 
changing the shape of your 
mouth. Your tongue an<l 
teeth also help in speaking. 

Your tongue, in particular, 
changes the quality of tone, in the throat 




Fig. i^97. Different positions of the lips and teeth during the making 
of different sounds. Notice how the tongue changes its position and 
shape to change the shape of the mouth cavity. 

The muscles of your tongue make it thick or thin and 
change the shape of your mouth cavity. These changes 
give your voice its own quality and make it possible for 
you to pronounce words plainly. For example, pronounce 
the letters a, o, w, m, j, and r plainly. Note what happens 
to your tongue and lips when you say these letters. 

Your nasal cavity helps you to give your voice quality, 
too. Repeat the letters mentioned above while you hold 
your nostrils shut. Do you notice how ‘‘flat” your voice 
sounds when your nose is closed? Look at Figure 297 and 
then look in a mirror as you pronounce different sounds 
to help you understand even better how your lips, tongue, 
and teeth help you form sound into words. 

Most mammals have vocal cords. However, not all 
mammals produce sounds as human beings do. The 
vocal cords of pigs, cats, and cattle vibrate as the air is 
drawn into their lungs instead of when it is breathed out. 
Of course, you can make sounds as you draw your breath 
in. But it is not so easy to do as when you force your 
breath out. Try it. A few animals, such as whales, dol- 
phins, and giraffes, cannot produce sounds at all. 

Crickets, katydids, and grasshoppers make sounds in 
queer ways. Crickets and katydids have rough places 
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Fig. ^98. The circle on the picture of the katydid shows the location 
of a file, which you see in the other picture, greatly magnified. (Photos 
by Paul R. Donaldson, Cruft Laboratory, Harvard) 

known as files on one part of their wings near the inner 
bases of their wing covers. On the outer bases of their 
wing covers are hard parts, known as scrapers. By draw- 
ing the file of one wing cover across the scraper of the 
other wing cover they make their cheerful sounds. Some 
kinds of grasshoppers rub their hind legs together to 
produce vibrations, while others rub their hind legs 
against their wing covers. 

Self-Testing Exercises ^ 

1. Which is true: All vibrating bodies produce sounds. All 
sound is produced by vibrating bodies. Give a reason for your 
answer. 

2. Give examples from your own observations to illustrate 
what you have learned about the cause of sound. 

3. Why do your vocal cords not get in the way when you 
draw your breath in? 

4. Begin with the air in your lungs and tell what each part 
of your body does in making sounds as the air moves out. 

Problems to Solve 

1. Why is it sometimes difficult to speak after you have 
been running or are very excited? 

2. Make up and try an experiment of your own to show that 
sound is produced by vibrating bodies. 
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Fig. ‘^99. Apparatus to show that sourul cannot travel through a 
vacuum 

W HAT CARRIES SOUND? Wlieii you are in the open, you 
can hear someone call you for quite a distance even 
though there seems to be nothing to bring the sound to 
your ears. When a player in the center of a large football 
fields shouts loudly, people sitting on all sides of the field 
can hear him. How does sound travel? What carries it to 
your ears? 

An experiment worked out by scientists helps us find 
out what carries sound to our ears. Study Figure 299 or, 
if you can, set up apparatus like it. The glass jar (called 
a hell jar) stands on the plate of a vacuum pump. The 
joint between the bell jar and the plate is made air-tight 
by means of soft wax. 

The alarm clock is placeil under the bell on a thick 
pad of cotton, and is set so that it will “go off” in a minute 
or two. When it rings, it can be heard plainly. Then the 
clock is set to “go off” in five minutes, the jar is pla(*ed 
over it, and it is sealed up again. As much fiir as possible 
is pumped from the bell jar, and, when the clock rings 
again, you can see it vibrating on the cotton pad, but 
you cannot hear a sound! 
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This experiment shows that air carries sounds. When 
air is in the jar, you can hear the bell ringing. When there 
is a good vacuum between the clock and the jar, you can- 
not hear the alann at all. You cannot hear it because 
there is almost no air to carry the vibrations that are 
made as the clapper strikes the gong. 

Perhaps you have heard people say that Indians and 
certain animals can tell when someone is approaching, 
even when the person is too far away for the sound of his 
steps to be heard. You may have heard that you can tell 
when a train is approaching (before it gets close enough 
to hear it through the air) by putting one of your ears 
to the rails. It would be dangerous to try this experiment 
on a railroad track. If you know of a side-track that is 
seldom used, it will be safe to try an experiment there. 
Have one of your classmates walk far down the track so 
that you cannot hear him tap on the rail with a small 
stone. Then put one of your ears to the rail and .see 
whether you can hear him when he taps on the rail. You 
cau do a similar experiment in thd laboratory. 

Expkeimknt 22. Do Solid Substance.s Transmit Sound? 
(a) Put your ear against the end of a long wooden table. Have 
one of your classmates scratch gently on the other end of the 
table. Can you hear the scratching sounds? Remove your ear 
from the table. Can you hear the .scratching sounds now? Why? 

b) Strike a tuning-fork and hold it up in the air. How plainly 
can you hear it? Remove one end from a cigar box. Have some- 
one hold a long iron or steel rod upright with one end of it 
resting on the top of the cigar box. Strike the tuning-fork and 
place the handle of it against the other end of the rod. How 
plainly can you hear it now? Try to explain why. 

In this experiment you found that you could not hear 
the pin scratching or the tuning-fork very plainly through 



Fig. 300. In this experiment scientists are finding out how well the 
head bones conduct sound. The sound is being transmitted to the 
bone back of the ear and is being i>icked up in the bone of the fore- 
head. Delicate instruments show how strt-ong the sound is, both when 
it enters the bone and when it comes out. (Sonotone Corp. photo) 

the air. The sounds they made were too faint. But you 
could hear these sounds plainly when they were trans- 
mitted through solids, such as wood or metal. Certain 
solids (compact solids in which the molecules are close 
together) transmit sounds. As you noticed, most of these 
solids transmit sounds better than air, for you could hear 
very faint sounds more plainly through the solids. 

You have learned that air (a gas) and certain solids 
carry sounds. Now let us see whether liquids carry sounds. 

Experiment 23. Do Liquids Transmit Sound? Strike a tun- 
ing-fork and hold it up in the air as you did in part h of Experi- 
ment 22. Can you hear it.'^ Cut a hole in a large cork and fit the 
handle of the tuning-fork into it. Set a glass of water on the 
top of the cigar box you used before. Strike the tuning-fork and 
hold the cork against the surface of the water. How plainly can 
you hear it now? 

In the experiment you could hear the tuning-fork much 
more plainly when you held the cork against the surface 
of the water. This was because the vibrations of the fork 
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were transmitted through the water to the cigar box. This 
box acted as a sounding-board and helped you to hear the 
sound, but the vibrations had to be transmitted through 
the water before they could reach the box. So, liquids as 
well as air and some solids carry sounds. The next time 
you are in a swimming pool, get at one end of it and put 
one of your ears under the water. Have someone tap two 
rocks together under water at the other end of the pool. 
You will be surprised at the loudness of the sound. 

Because liquids carry sound, ships can communicate 
with each other through the water. This is called sub- 
marine (“under the sea”) signalling. To send the signals, 
a part of the hull of a ship is made to vibrate. The receiv- 
ing ship has delicate receiving instruments attached to its 
hull. In this way the first ship can send sounds through 
the water to the second one. Ships now find the depth of 
the water where they are by sending sounds down to the 
bottom and finding how long it is before the echo is heard. 
To do this, it is necessary to know how fast sound travels 
in the water. 

Self-Testing Exercises 

1. Tell in your own words what is shown by the experiment 
with the bell in a vacuum, 

2. Give examples from your own experience to show that 
liquids, solids, and gases carry sounds. 

Problems to Solve 

1. Make up experiments of your own to show that solids 
and liquids carry sound. 

2, Read in reference books about fathometer and its uses. 

H ow FAST DOES SOUND TRAVEL? Did you evcr see an 
official at a race use a pistol to start the runners? If 
you were a long way from the starting line, you saw the 
flash from the pistol some time before you heard the 
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report. The runners had already moved quite a distance 
down the track before the sound of the pistol reached you. 
Perhaps you wondered about this. 

A little over 100 years ago two Dutch scientists, Van 
Beek and Moll, figured out a way to find how fast sound 
travels in air. They placed two cannons on hills that were 
eleven miles apart and performed the experiment at night 
so that the flash of the cannons could be seen plainly. 
First a cannon on one hill was fired. Observers on the 
other hill recorded the time they saw the flash and counted 
the exact number of seconds until they heard the report. 
Then the second cannon was fired, and the results were 
recorded as before. They used two cannons in order to 
avoid any errors that might be caused by the wind. The 
results showed that sound travels about 1100 feet per 
second at ordinary temperatures. 

More exact experiments show that the speed of sound 
in air at zero degrees centigrade (32^^ F.) is 1090 feet per 
second. In thinking about this experiment you must recall 
that light travels at approximately 186,000 miles per 
second. This speed of light is too fast to interfere with the 
results of the experiment with sound. Since that time 
other experiments have been done to show that sound 
travels faster in warm air than it does in cold air. The 
increase is two feet per second for each degree (centigrade) 
rise in temperature. 

A few years after Moll and Van Beek did their experi- 
ment, two other scientists found how fast sound travels 
in water. They suspended bells under water from two 
ships that were eight miles apart and performed the ex- 
periments as the Dutch scientists did. They rang first 
one bell and then the other. Their results showed that the 
speed of sound in water is about 4708 feet per second, a 



Fig. 301. These two pictures show what sound waves can do to a 
flame. At the left the gas flame is burning naturally. At the right the 
shape of the flame has been changed by jingling a string of iron 
washers near it. (Photos from l^emon's Galileo to Cosmic HaySp 
courtesy University of C'hicago Press) 

figure that we still accept as correct today. Later experi- 
ments show that sound travels even faster in solids. For 
example, it travels 15,42^^.5 feet per second in steel. 

Self-Testing Exercises 

1. Which carry sound fastest: solids, liquids, or gases? 

2. How long does it take a sound to travel a mile (at 0° C.)? 

Problems to Solve 

1. Find out how far away a lightning flash is during a 
thunderstorm. To do this, record the number of seconds be- 
tween the time you see the lightning and the time you hear thd 
thunder. Multiply this number of seconds by 1100 (the speed 
in feet per second of sound in air at ordinary temperatures). 

2. Ask your teacher to help you find the speed of sound on 
your athletic field. Use a starter’s pistol with blank cartridges. 

3. Find in some good reference book the speed of sound in 
different common materials. 
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W HAT ARE SOUND WAVES? Have you been wondering 
how a sound passes through the air? What goes from 
a vibrating object to your ear? Whatever it is, it must be 
able to pass through water and steel as well as through air. 
Scientists have studied sound so carefully that they 
I now understand very well how 

I sounds move through materials. 

I The results of one kind of ex- 
I periment are shown in Figure 302. 
l' An electric spark, which made a 
I cracking noise, was produced just 
I bac’k of the black spot in the 
I center of the upper picture. An 
I instant after the first spark a sec- 
I ond one was produced. At the same 
i, lime a camera film was exposed. 
I When the film was developed, the 
I scientists found that the flash of 
I light from the second spark had 
I taken a picture of something that 
I looked like a circle in the air. 

The scientists tried their experi- 
ment again, but waited a little 
longer to make the second spark. 
The second picture they made is 
shown just below the first. When 
they waited still longer, the ‘‘circle’* was still larger, as 
shown in the lower picture. Sometimes they made a 
whole series of sparks to start the sound. Then the picture 
showed just as many circles as sparks. Something moved 
out in all directions through the air from each spark. This 
“something” is a layer of the air in which the molecules 
(particles) of air are closely packed together. It is called 


Fig. 302. Sound waves 
caused by an electric 
spark (Photos by Dr. 
A. L. Foley, Indiana 
University) 
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a sound wave. When a tuning-fork is vibrating, it sends 
many sound waves out through the air in all directions. 
From a medium-sized fork the waves are about four feet 
apart. 

However, you must not think that the molecules of air 
move from the tuning-fork to your ear. Each one 
just moves back and forth in its place. An experi- 
ment with a spring will help you understand how 
a wave can move without taking the air with it. 

Experiment 24. How Do Sound Waves Move? Get 
the spring out of a window-shade roller and fasten 
one end of it to a support (Figure 303). Fasten a 
weight to the other end of the spring. Near the lower 
end press together several coils of the spring; then 
let go of them quickly. Watch what happens along 
the entire spring. Repeat the experiment several 
times. Try to explain what happens. 

The coils of the spring that you pressed to- 
gether spread out and gave their motion to the 
coils next to them. These next coils were first 
pressed together and then spread out as they 
made other coils move in the same way. All of 
this happened so rapidly that a group of com- 
pressed coils seemed to move from the bottom to 
the top of the spring. You could see them seem 
to travel. Of course, the coils that you first 
pressed together did not move to the top of the 
spring. They stayed right where they were, near 
the lower end of the spring. All that they did 
was to spread apart far enough to press the next group 
of coils together. The motion of the compressed coil was 
what moved up the spring as it was transmitted from one 
coil to the other. 
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Fig. ;3()4. How the vibrating molecules of air carry sound from a 
vibrating object to your ear. Notice that a complete sound wave is 
made up of two different bands of molecules. 


Now suppose that each coil of the spring is a molecule 
of air and that your hand is the vibrating gong of a bell. 
The molecides of air around the bell are first pressed to- 
gether as the moving gong strikes them. These compressc<l 
molecules spread out, much as the coils of the spring 
spread apart. When they do this, they press the next 
molecules close together. The second group passes their 
motion on to the third group, and so on until the vibra- 
tions reach the air in your ears. 

The places where the air molecules are pressed together 
are known as co7ide7isationfi^ and the places where they 
are spread farther apart are called rarefactions, A com- 
plete sound wave is made up of one rarefaction and one 
condensation. Study Figure 804 to help you trace a series 
of sound waves from their source to your ears. 

You can see how wfives trjivel each time you throw a 
stone in a quiet pond of water. The stone starts a whole 
series of waves that move out over the surface of the 
water. Any chips or leaves that are floating in the water 
bob up and down as the waves pass. But they do not 
move along with the waves. This shows that the water is 
not traveling from the stone outward. The wave in the 
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water is only traveling np and down. In the same way, a 
sound wave travels, but the molecules of air move only a 
little way. Notice that as a wave passes, the molecules of 
air do not move in the same direction as the particles of 
water. The water moves up and down at right angles to the 
direction in which the water waves are traveling. In the 
air, the molecules move back and forth for a tiny distance 
along the line in which the sound waves are traveling. 

There is still another difference between water waves 
and sound waves. Water waves can travel only along the 
surface of the water. They do not go upward or down- 
ward. Sound waves move away from their source in every 
direction — upward, downward, and horizontally. Thus 
they take the form of spheres. You can pict ure these sound 
waves to yourself if you think of them as being shaped like 
soap bubbles. Imagine that you can blow one bubble inside 
another and do it very rapidly. Soon you would have a 
whole series of bubbles inside each other with all of them 
constantly getting larger as new ones arc formed. In this 
way sound waves travel out from their source in t he form 
of spheres. Because of this fact you can hear a sound in 
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Fig. 305. A comparison of sound waves and water waves 
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any direction from a sounding body — upward, downward, 
and in any direction along the ground. 

In liquids and in solids, sound waves travel in much the 
same way as in air. In these substances, however, the 
molecules are not so free to move as they are in air. There- 
fore they do not move back and forth as far as the mole- 
cules of air do while a sound wave is passing. 

Self-Testing Exercises 

1. Tell in your own words what sound waves are; then read 
your book again to see whether your explanation is correct. 

2. Make a list of (a) ways in which sound waves and water 
waves are alike, and (b) ways in which they are different. 

3. How can you tell that no substance travels from a sound- 
ing body to your ears? 

Problem to Solve 

How do waves travel along a rope? Tie one end of a 
clothes-line rope to a tree. Stand twenty or thirty feet away 
and draw the rope tight enough so that it does not touch the 
ground. Then give it one very quick up-and-down movement. 
This should start a wave that travels to the tree and back. 
Study its behavior. Does it come back the same as it went? 
Try sending two or three waves in a series. 

Problem 2: 

WHY DO SOUNDS DIFFER FROM ONE ANOTHER? 

W HAT IS THE DIFFERENCE BETWEEN PLEASANT AND 
UNPLEASANT SOUNDS? Closc your cycs and listen for 
a moment. How many different sounds do you hear? What 
is causing each different sound? A clock is ticking, a train 
is puffing, a car passes by, someone is moving a paper, a 
violin is playing, a dog barks. How do you know which 
sound is which? You know because each sound is different 
from the others. Some are pleasing, regular sounds; others 




Fig. 306. People’s ears vary greatly in the sounds they can hear; and 
as a person grows older, his ability to hear faint sounds slowly 
decreases. This delicate instrument, an audiometer^ can measure very 
exactly just how keen your ears are. (Sonotone Corp. photo) 

are ‘‘noises/’ Some are loud; others are soft. Some are 
shrill, or high-pitched; others are low. What is the real 
cause of all these differences? 

It may seem foolish to ask what the difference is be- 
tween a pleasant and an unpleasant sound. Certainly you 
can tell the difference between the sound your little 
brother or sister makes hammering on a drum and the 
sound a good violinist produces. An empty truck traveling 
swiftly down a rough highway does not sound at all like 
an orchestra. But you really need a knowledge of the 
science of sound to tell why some sounds are pleasant and 
others are unpleasant. When you clap your hands sharply, 
drop a book, or slam a door, you produce an unpleasant 
sound, or noise. When you hear someone playing a violin 
or flute well, you at once recognize pleasing sounds. 

As you learned earlier in the unit, anything that pro- 
duces sound is vibrating. In each of the kinds of examples 
you have just read, something was vibrating to make the 
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sounds. But why was one kind of sound pleasant and 
another unpleasant? 

These differences in sound are the result of the kinds 
of vibrations produced in the air by the vibrating bodies. 
When you moved the tuning-fork and bristle across the 
smoked glass in Experiment 21, you saw that the bristle 
traced a wavy line. Also, you will recall that the tuning- 
fork made a pleasing sound as it vibrated. Study Figure 
294 again, and you will see that the line traced by the 
bristle was a regular line. Its curves bent as far in one 
direction as they did in the other. Also, the curves were 
repeated over and over again in a regular pattern. 

Now look at Figure 307. It shows a line traced by a 
body that was producing an unpleasant sound. From the 
picture you can easily see that these waves were very 
irregular. The curves did not bend as far in one direction 
as they did in the other, and they were not repeated over 
and over regularly as was the case with pleasant sounds. 

Here is another example to help make sure that you 
understand the difference in the kinds of waves that make 
pleasant and unpleasant .sounds. Figure 309 shows the 
graph of a sound wave made by a clarinet. When you first 
look at it, you may think that it produced an unpleasant 
sound. But if you study the figure carefully, you will .sec 



Fig. 307. A diagram of sound waves that make what we call noise 





Fig. 300. Diagram of a high rlariiiet tone (Both diagrams as recorded 
by Dr. Dayton C. Miller, Case School of Applied Sciences) 


that the waves are regular, even tlioiigh each wave is made 
uj) of many smaller curves instead of simple ones. Notice 
the straight line drawn across each grajih. These lines 
were put there to show you that the pattern made by these 
waves was repeated over and over at regular intervals. 

During your study of this part pf the unit you have 
learned several things that are of importance: (1) Un- 
pleasant sounds are made by irregular sound waves. 

Pleasant sounds are made by regular sound waves. 
Each wave is alike (as shown by the curved line it makes), 
and each wave is repeated at regular intervals. Now when 
you hear an object fall or a door slam, you will know why 
an unpleasant sound is made. And when you hear a 
pleasant sound, you will know how it is produced. 

Self-Testing Exercises 

1. Close your book and state in your own words the cliffer- 
ence between pleasant and unpleasant sounds. Then read the 
book’s answer again to see if you are correct. 

2. Draw from memory (a) a line representing a musical 
sound, and (b) a line representing noise. Check as in Kxerm'se 1. 
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Fig. 310. a diagram of a soft sound and of a loud sound 

W HAT IS THE DIFFERENCE BETWEEN ‘‘lOUd’’ AND 

“soft’’ sounds? All your life you have been hearing 
sounds varying from the loudest crash of thunder to the 
faint tick of a watch. You are so familiar with sounds that 
vary in loudness that you probably have not thought 
much about them. However, the degree of loudness is one 
of the important things about sound. If you have ever sat 
in the back of a large auditorium and had a hard time 
hearing the speaker, you realize how important the loud- 
ness or softness of a sound is. 

The loudness of a sound that you hear depends upon 
how far the sound waves move your ear drum in and out 
when they strike it. What makes some sound waves push 
your ear drum in farther that others? You learned in 
Problem 1 that sound waves are caused by particles of air 
(or other substances) that move back and forth for a tiny 
distance along the line in which they are traveling. Sup- 
pose you strike a drum a hard blow. The particles of air 
about it move back and forth for a greater distance than 
if you strike the drum very easily. The drum makes a loud 
sound. If you strike the drum an easy blow, the particles 
about it move back and forth for a much shorter distance, 
and the sound it makes is softer. 

Figure 310 shows a tracing by a tuning-fork that was 
making a soft sound and another by the same fork when 
it was making a loud sound. As you learned in Problem 1, 
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Table 1. Intensity of Ordinary Sounds* 


Intensity 

Deci- 

bels 

1 orv 

Kinds of Sound 

Intensity 

Deci- 

bels 

fiO 

Kinds of Sound 

Deafening 

-110- 

-100 

—90— 

on 

Thunder, artillery 
Near-by riveter 
Elevated train 
Boiler factory 

Moderate 

—50— 

4 f\ 

Noisy home 
Average office 
Average conver- 
sation 

Quiet radio 

Very loud 

Loud street noise 
Noisy factory 
Traffic unmuffied 
Police whistle 

Faint 

—30— 

a(\ 

Quiet home or 
private office 
Average auditor- 
ium 

Quiet conversa- 
tion 

Loud 

— ou — 

—70— 

—60— 

Noisy office 
Average street 
noise 

Average radio 
Average factory 

Very faint 

jLKJ — 

—10— 

- 0 

Rustle of leaves 
Whisper 

Sound-proof 

room 


’•‘From Bulletin VI of the Acoustical Materials Association 


sound waves spread out over a larger and larger area as 
they move away from their source. When the part of a 
sound wave that covered one square foot has spread until 
it covers two square feet when it reaches your ear, the 
part that strikes your ear will have only half as much 
energy. Therefore you will hear it with less loudness. 

From what you have studied, you have learned that the 
loudness of sound depends upon two things: (1) how far 
the air molecules are moved back and forth by the vibrat- 
ing body, and (2) the distance you are from the source 
of the sound. 

In recent years scientists have made instruments for 
measuring how loud sounds are. The man in Figure 291 
is using a sound-level meter to measure the noise of the 
office. This instrument measures the loudness of sound 
in units known as decibels (named after Alexander Bell, 
the inventor of the telephone). Continuous noise above 




FiCi. 311. Among some African tribes driiminiug is done with amazing 
skill. These people have worked ont strange and complicated rhythms, 
and in ways that are still a mystery to white men, the tribal <lrunimers 
send long messages from village to village. (Fwing Galloway photo) 

50 decibels in schools, homes, stores, office buildings, and 
other places is believed to be harmful. This is ont^ of the 
reasons why sound engineers try to find ways of reducing 
noise in the buildings where people live and work. 

Self-Testing Exercises 

1 . Statt' in your own words why some soniids art' loud aii<l 
others are soft. 

2. Why is it iistdul to iiieasnre the loudness of sounds? 

S. What is a dec the If 

Problems to Solve 

1. Sound waves heeoine weaker because they travel outwartl 
from their source in the form of a sxdiere. Plow much weaker will 
a sound be at a distance of ^0 feet from its source than at a 
distance of 10 feet? If you eaiuiot see how to solve tliis problem, 
ask your mathematics teacher for suggestions. 

Name three things that you can cause to give out sounds. 
Tell how you can make each one give out a soft sound or a 
loud sound as you wish. 
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W HAT IS THE DIFFERENCE BETWEEN ‘^HIGH SOUNDs” 
AND “low sounds”? Did your teacher ever tell 
your class that it was singing “off pitch”? What did he 
mean? Probably he sounded a “pitch pipe” or a note on 
the piano to help you sing as you should. The highness or 
lowness of tone is called its pitch. When you are singing 
“off pitch,” you are singing a little too high or a little 
too low in comparison with the sound you should sing. 

Pitch is another of the characteristics of sound. What 
gives sounds their pitch? Whether the pitch is high or low 
depends upon the number of sound waves that are pro- 
duced by a vibrating body in one second. Scientists have 
learned many interesting things about pitch. You can 
learn some of them by doing the following experiment 
and observing very carefully to see what happens. 

Experiment 25. What Determines the Pitch of a String of a 
Musical liistrumentF (a) Get some rubber bands of various 
lengths and thicknesses. Stretch a short band tightly and pluck 
it. Notice the sound it makes. Stretch a long band of the same 
size as tightly as you did before. PlucTv it and notice the sound 
it makes. How does it compare with the sound made by the 
sliort l)and? 

Select another band and hold it loosely. Pluck it and note 
its sound now. Stretch the band as tightly as you can without 
breaking it. Pluck it and note the sound it makes. How are 
the sounds different? 

Select a thick band and a thin band of the same lengths. 
Stretch them both equally tight and note the sounds they 
produce. Are they alike? 

b) Ask someone in your class to bring to school a mandolin, 
a guitar, or a violin, or use a sound instrument called a sonom- 
eter, if you can get one. Pluck the smallest string and note 
the sound it gives. Hold the string down on the sounding-board 
so that the vibrating part will be shorter. Pluck it and compare 




Fig. 81 Study this complicated arrangement of hammers, strings, 
and keys by which the piano is made to produce sounds. If you can 
do so, examine a piano at home or at school. (Kaufman-Fabry photo) 


its sound with that of the full-length string. Begin plucking a 
string and tighten it each time you pluck. How is the sound 
different? Pluck one of the thin strings and one of the thick 
strings. Compare their sounds. 

c) Your teacher will remove the front of a piano so that you 
can see the strings. Observe their thickness and length at differ- 
ent places. Have someone strike different keys and watch the 
strings vibrate. What kinds of strings vibrate fastest? 

If you are a careful observer, you learned several im- 
portant things about how to make sound higher or lower. 
You found that a short string gives a higher pitch than a 
long string of the same thickness and tightness. This is 
true because the short string can vibrate faster. You 
found, also, that when you tighten a string, you make it 
vibrate faster and therefore raise its pitch. When you 
loosen it, you make it vibrate more slowly; therefore you 
lower its pitch. If you have ever listened to someone tune 
a guitar or other stringed instrument, you have heard 
this happen. Recall what kinds of sounds the long, thick 
strings of a piano produce. A thick string vibrates slower 
than a thin string of the same length. 
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Fig. 318. This diagram will help you to iinder.stand what is meant 
by the pitch of a sound. 

From your experiments you can see that the pitch of a 
sound depends upon how fast its source is vibrating. The 
number of vibrations per second is called frequency of 
a sound. The frequency of a vibrating string depends on: 
(1) the length of the string, (2) the tightness of the string, 
and (3) the weight of the string. 

People who play or manufacture musical instruments 
use the principles that you have learned to produce the 
proper kinds of sounds. For example, people who make 
pianos must know what kinds of strings to use, and a 
piano-tuner must know how tight to make the strings. 
Scientists have learned that the key called Middle C on 
a piano must vibrate 256 times per second if the piano is 
in tune according to a scale known as Standard Pitch, 
The lowest organ note has a frequency of 16 vibrations 
per second. The frequency of the highest piano note is 
3500 vibrations per second. 

A fire siren is a good example of the way the pitch 
depends on the frequency of vibrations. In a siren a jet 
of air is blown against a disc or other rotating device with 
evenly -spaced holes in it, or a rotating wheel with slits 
moves past openings in the stationary part. Puffs of air 
going through the openings protluce vibrations. When the 
siren is rotating slowly, it makes a smaller number of 
vibrations per second; therefore the pitch is low. When 
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2. Without looking a 
bauds of different sizes 


Fic. 314. How a siren works. Each metal 
tube shoots a blast of air through the 
holes as the disc turns. Each circle has a 
different number of holes in it. The speed 
of the disc and the number of holes de- 
termine the pitch, or frequency of vibra- 
tion, caused by the blasts of air. The dial 
at the top registers the number of vibra- 
tions per second for each circle of holes. 
(Photo from Museum of Science and 
Industry, Chicago, courtesy of Ediica- 
timial Music Magazine) 

the siren is speeded up, more vibra- 
tions are produced each second, 
and the pitch of the sound becomes 
higher. Examine a bicycle siren 
and try to explain why it changes 
its pitch as you ride at different 
speeds. 

Self-Testing Exercises 

1. Tell in your own words what is 
meant by the pitch of sound. What 
happens when the pitch of a sound is 
changed? 

your book show by means of rubber 
that you know what determines the 


pitch of a vibrating string. 


Problems to Solve 


1. To help you understand pitch better, learn how a player 
tunes some stringed instrument, such as a guitar or a violin. 

2. If a sound can travel 1100 feet per second, how far apart 
are the waves from a tuning-fork or string at middle C? 

3. The highest note on a piano has a frequency of 3500 
vibrations per second. How long are its sound waves in a room 
at 70° r. (about 20° C.)? 
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Ft(;. .S15. This diagram will help you to understand how overtones 
are produced, as shown in Experiment ‘2(>. 

4. How does a rise in temperature of the air affect the length 
of sound waves? 

5. What are the ^*beats” that are heard when two musical 
sounds are at very nearly the same pitch? What (rauses tluun? 
Physics books will help you find the answer. 

W HY DO SOUNDS DIFFER IN QUALITY? You Can Hsually 
recognize your friend’s voice over the teleplione, 
even though he does not tell you his name. Two instru- 
ments, violins for example, may play the same note, but 
these two notes will not sound alike. You recognize your 
friend’s voice by its quality. You know whether music is 
being produced by a violin, a guitar, or a piano by its 
cpiality. Quality, then, is another way in which sounds 
are different. An experiment will help you understand 
what is meant by the quality of sound. 

Experiment 26 . In What Different Ways May a String 
Vibrate? Stretch a coarse guitar or piano string between two 
upright supports. Pluck the string in the middle and watch it 
vibrate. Then hold one finger lightly on the middle of the string 
and pluck it one fourth of the way from one end. Quickly 
remove your finger and watch how the string vibrates now. 

When you first plucked the string, you saw it vibrate 
in one large loop along its entire length (Figure 315). Also, 
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you heard it give out a low tone. When you plucked the 
string so that it vibrated in halves, you saw it vibrate in 
two loops and heard it give out a note that was one octave 
higher (eight notes on the piano). This sound was the 
first overtone. If you had made the string vibrate in three 
parts at once, you would have heard a second overtone. 

Scientists have learned that strings of musical instru- 
ments can vibrate as a whole and at the same time can 
vibrate in parts. This means that a string can be giving 
out its lowest, or original, tone and overtones at the same 
time. This combination of sounds gives a string the partic- 
ular quality that makes it sound different from others. 
Also, the number of overtones a string can give out de- 
pends upon where it is plucked or hammered. For example, 
the hammers of pianos are adjusted to strike the strings 
near the ends. At these places the strings produce a certain 
number of overtones and give the music better quality. 

Your voice is different from that of other people because 
of its quality. Good singers learn to control their voices 
in such a way that good overtones are produced. The 
quality of music made by a violin depends upon the kind 
of overtones it produces. Of course, the kind of wood 
that is used in its construction and the way its bridge, 
the back of the violin, its ribs, and its sounding posts are 
made also help improve the quality of tone. Probably 
you understand now what a delicate task it is to make 
the best violins and why they cost so much. 

Self-Testing Exercises 

1. Why can we tell the sounds produced by one kind of 
instrument from those produced by another kind of instrument? 

2. Explain what causes overtones. Make from memory 
sketches to show (a) how a string vibrates to produce its lowest, 
or original, tone, and (6) how it produces its first overtone. 




Fig. 316. In these musical instruments of savage tribes you see just 
about all the ways of producing sound that are used in our finely 
made instruments. Which of our instruments would you say are like 
these instruments in the way they produce sounds? 

Problems to Solve 

1. Try to produce the second, third, and higher overtones 
of the string you used for Experiment 26. To produce the second, 
hold the string with your finger tip on the edge of a rubber 
stopper at a point one-third of the way from one end. Then 
pluck it one-sixth of the way from the same end. Follow a 
similar plan for the higher overtones. ' 

2. Why is an overtone a higher pitch than the natural, or 
fundamental, tone of a string? 

3. Look at Figures 308 and 309. Why is the quality of a 
violin tone different from that of a clarinet? 

Problem 3: 

HOW DO MUSICAL INSTRUMENTS PRODUCE SOUND? 

T he musical instruments in the picture above do not 
look much like the ones in Figure 317, do they? How 
long man has had musical instruments, we do not know. 
But many hundreds of years ago someone enjoyed play- 
ing on instruments like those in Figure 316. How many of 
the instruments do you recognize in the picture of the 
concert band on the next page? 



Fig. 317. The fine concert band of Northland College, Wisconsin. 
How many of the instruments can you name? (Photo from S. J. Steen, 
courtesy of Educational Music Magazine) 

Music may not seem so important in your life, but 
think how often you hear it. Probably you listened to the 
radio while you were eating breakfast this morning. Your 
school may have a band, orchestra, or glee club. You may 
enjoy playing some instrument. Since you hear music so 
often, you will find it interesting to know the scientist's 
definition of music and something of the ways in which 
musical sounds are produced. 

Study the picture of the concert band shown above. You 
can easily see that some of these instruments are played 
by striking them, for example, the drums and the xylo- 
phone. Others are played by making strings vibrate; these 
are the violins, violas, cellos, bass viols, and harps. Still 
others are played by blowing into them. These three 
groups are known as fercussion (meaning to strike) instru- 
ments, stringed instruments, and wind instruments. The 
wind instruments are further divided into wood-winds and 
brasses, 

H ow DO PERCUvSSION INSTRUMENTS WORK? DrumS, 
cymbals, and other percussion instruments produce 
sound by means of vibrating membranes or metal parts. 
They are made to vibrate by striking them. Did you ever 
watch an orchestra player tune his kettle drums? He 
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tightens the membrane to make high sounds and loosens 
it to make lower sounds. A xylophone has a series of 
wooden bars of different lengths. As these are struck with 
the proper kind of hammers, they give out musical tones. 
Bells are one kind of percussion instrument. Others have 
metal bars or cylinders that are struck in various ways. 

The next time you hear a band or orchestra play, it 
will be fun to look at the different kinds of instruments 
and decide the group to which they belong. Also, try to 
think how the sound is produced in each instrument. 

H ow DO kStringed instruments work? Earlier in this 
part of the unit you learned that the lengths of 
vibrating strings, their tightness, and tlieir thickness de- 
termine the pitch of the sounds they produce. In some 
kinds of instruments, such as guitars and banjos, the 


strings are set in vibration by 
plucking them with the fingers. 
Did you ever see a skilful player 
‘"pick” a banjo? If you have, you 
noticed that he used the fingers of' 
his right hand to make the dif- 
ferent strings sound. You also 
noticed that he made the strings 
shorter or longer by holding them 
down with the fingers of his left 
hand. The long, thick strings pro- 
duced low sounds, and the short, 
thin ones made high sounds. On 
the harp there are many different 
lengths of strings; so the player 
has to know which strings to pluck 
to produce the sounds he wishes. 

Most of you have seen the key- 



struments that you have 
probably often seen 
(Ewing Galloway photo) 
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board of a piano, which has eiglity-eight keys. There are 
also eighty-eight wires or sets of wires of various lengths 
and sizes inside the piano (Figure 312). Each key operates 
a wooden hammer covered with felt. You make the strings 
vibrate by hitting them with the felt-covered hammers. 

Other stringed instruments, such as violins, cellos, 
and bass violins, work differently. You make the strings 
vibrate by drawing bows across them. The bow that is used 
with these instruments holds a strand of tightly stretched 



(Galloway photo) 


horsehairs. Before playing, the hairs 
are rubbed with rosin. Then, as the 
hairs are drawn across the string, the 
peculiar friction of the rosin makes 
the string vibrate in the best way. 

Notice that the strings of stringed 
instruments are attached to large 
boards or to box-like parts with 
openings in them. A simple instru- 
ment will help you understand the 
value of these parts. 

Experiment 27. What Effect Do Sound- 
ing-Boards and Air Spaces Have on the 
Sound from Vibrating Bodies That Touch 
Them? Obtain a thin board (the top of a 
cigar box will do) and a good cigar box. 
Fasten the lid of the cigar box tightly 
shut with brads and glue. Bore two clean 
one-inch holes in each end of the box. 
(a) Strike a tuning-fork with a rubber 
hammer and notice the loudness of the 
sound. (6) Strike the tuning-fork again 
and place the end of the ‘‘handle” against 
the middle of the thin board held by 


Fig. 320. The bridge and the body of the violin increase the volume 
of the sound and greatly affect its quality. (Kaufman-Fabry photo) 

someone else. What effect does the board have on the loudness 
of the sound? (c) Repeat the experiment and hold the handle 
of the vibrating fork against the top of the cigar box you have 
prepared. What is the result? 

From your experiment you can see that the surfaces and 
air spaces connected with a vibrating body can increase 
the sound very greatly. They are said to reenforce the 
sound. Often they do this because the vibrating body 
passes its vibrations along to a larger surface. This larger 
surface can cause stronger vibrations in the air than can a 
smaller vibrating string. In an enclosed air space of the 
correct size and shape, the vibrations carried through 
wood or metal set the air vibrating very strongly. Waves 
from this vibrating air pass out through the openings and 
increase the loudness, or volume, of the sound. 

By affecting the overtones these sounding surfaces and 
air spaces also change the quality of the sound an instru- 
ment can produce. The difference between a poor violin 
and a good one is the result of the differences in the 
wooden parts and the air spaces. 
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Fig. The brass sextette of the Proviso (111.) Township High 

School with a marimba. From left to right the brass instruments are: 
French horn, alto horn, two trumpets, trombone, and tuba. (Photo 
from Music Educators, (Chicago) 

Pianos liave a son ndi n (/-board behind the strings. This 
sounding-board reenforees the s<)unds that are made when 
the liainniers strike the strings. The tightly slretclied skin 
covering on the "dieacT’ of a banjo helps give the instru- 
ment the “snap]>y” sound that j>eople like. The o])en 
spac*e in the body of a guitar lets the air in the guitar 
vibrate in response to the strings. All these devic‘es help 
stringeil instruments make their own kinds of music*. 

H ow DO WIND INSTRTIMKNTS WORK? l>id vou evei* watcli 
someone play a saxophone, a trumpet, or a Irom- 
bone? Perhaps you play one of these instrumemts. What 
happtnis to make thc'se instruments ]>roducci sounds? An 
experiment will help you find out for yourself. 

Kxpkrimknt ':^S. How Do }Vind I nstruments Produce Sounds 
(a) (tet eight k>iig test-tubes that have small diameters. “Tune" 
the test-tubes by ijouring ditferent amounts of water into them 
(Figure 822 ). Hold the ends of the tubes at riglit angles to your 
lips and blow across them. Can you feel the vibrations as the 
air in the tubes vibrates to j>roduce sounds? Which tube gives 
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x^ia. 322. A])])artitus to show how the length of an air ('oliiinn alVeets 
the tone it prorluces 

the highest sound? Which gives the lowest? Try to tune the t ubi-s 
to play a scale by regulating the amounts of water in them. 

b) Remove the metal guard-plate from an harmonica and 
have a classmate yjlay it. What parts vibrate to produce sound? 

c) If anyone in your class is a bugler, have him bring a 
bugle to school. Watch him play ft. Clean the mouth]>iece 
carefully and try to play it yourself. What happens to your 
lips as you make the bugle sound? 

When you blew across tlie glass tubes, you produced 
sounds by making the air in the Lubes vibrate. 'The vibrat- 
ing air in a closed space is called an air colmnn. You found 
that the short tubes made high-pitched sounds and that 
the long tubes made low-pitched sounds. In wind in- 
struments the pitch is often changed by changing the 
length of the air column. In trombones this is done by a 
sliding part that moves back and forth. In other wind 
instruments, a cornet for example, valves are used to 
change the length of the air column. In the trumpet, the 
cornet, the trombone, the French horn, and the tuba the 
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Fig. 323. Opening and closing the valves of the various wind instru- 
ments change the length of the air column within and thus change the 
tone. (Ewing Galloway photo) 

air column is made to vibrate by means of the lips. If you 
have ever tried to play either of these, you probably found 
that at first it ‘‘tickled” your lips. 

Like strings, the air columns in wind instruments can 
vibrate in parts and give out overtones. By changing the 
tightness of his lips a bugler or a trumpet player can con- 
trol the fractions in which the air column vibrates and 
thus cause the same air column to give out a number of 
different “notes.” 

When you watched the harmonica play, you saw 
different lengths of metal, called reeds^ vibrate to produce 
different sounds. Clarinets, saxophones, bassoons, and 
oboes have wooden reeds to produce their sounds. The 
saxophone and the clarinet have one reed, while the bas- 
soon and the oboe have two reeds. The length of the air 
column is changed by opening and closing valves in the 
long tube-like part of the instrument. 

In all of this discussion of wind instruments you must 
remember that the size of the instrument, the number of 
coils, the material the instrument is made of, and the 
material the reed is made of (if it is a reed instrument) 
are of great importance in producing the particular sound 
quality for which each instrument is noted. 

The next time you see an orchestra, try to think how 
the sound is produced in each instrument, and try to ob- 
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Fici. A mouthpiece and reeds of some wood-wind instruinenls. 

The clarinet and saxophone have a mouthpiece with a single reed as 
shown at the left. The bassoon, oboe, and English horn have a double 
reed, as shown at the right. (Photo by courtesy Tonk Brothers) 


serve how the sound is regulated in each case. You will 
not at first be able to do these things for every instru- 
ment, but you will learn more about them as you continue 
trying. In this way you will add greatly to your under- 
standing of instruments and your enjoyment of music. 


Self-Testing Exercises 


1. Make a list of the musical instruments that are shown in 
Figure 317. Divide them into three groups : percussion, stringed, 
and wind instruments. 

2 . Complete the table below. 


Instrument 


Part That Produces 
Sound ' 


How Pitch of Sound Is 
Controlled 


Piano 


Harp 

Violin 

Saxophone . . 
Trombone. . 
Harmonica . 
Kettle drum 


Vibrating airings 


•Strings of different lengths 
and of different diameters 
produce sounds of dif- 
ferent pitch. 


Problems to Solve 

1. Look in some reference book and find what instruments 
are used in a large orchestra. Find out how these instruments 
are placed to give the best effect. 

2 . Examine the reeds of a clarinet and a saxophone, if pos- 
sible, to see how they are different. Why do these instruments 
produce different kinds of sounds? 
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Fkj. These cords are being made to vibrate by tuning forks that 
are vibrated by electromagnets. ''Flie two top forks arc vibrating with 
each other; therefore the cords that join them pass their vibrations 
on to the single cord, which vibrates very strongly. The two bottom 
forks are vibrating in opposite directions from each other; therefore 
the vibrations of the cords attached to them stop at the point where 
they form the single cord. (Photo from Museum of Science and 
Industry, Chicago, by courtesy of Kdncatiotial Music Magazine') 

Problem 4: 

HOW DO WE HEAR? 

W HAT AUK SYMPATHETIC VIBRATIONS? Ill Problem 1 
you learned how sounds are sent out by our voices. 
Have you ever wondered how we hear these sounds? 
Scientists are not yet sure how our ears work, but they 
learned some important things. To understand the facds 
about your ears, you should know something aliout a*?/?//- 
'pathctic vibrations. This will help you understand a niimluu* 
of the effects of sound in addition to hearing. 

Perhaps you have noticed that when someone is playing 
a piano, a vase or other light object on the piano may 
rattle. Hid you ever hear someone say that if you held a 
large seashell to your ear, you could hear the roaring of 
the sea? Of course you did not hear the roaring of the 
sea, but you did hear faint roaring noises. What causes 
the vase to vibrate, and why does the seashell sound when 
you hold it to your ear? Before you try to answer these 
questions, do the following experiment to see if you can 
produce sounds in a similar manner. 
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Experiment 29. How Can One Sounding Body Produce 
Sound in Another Body? (a) Get two cigar boxes that are the 
same size and remove one end from each box. Close the tops 
and fasten them with tiny nails. Place the boxes about six 
inches apart with their open ends facing each other. Get two 
tuning-forks that are alike (that produce the same number of 
vibrations per second — 250 for example). Have a classmate 
hold the base of one of the forks against the top of one of the 
cigar boxes. 

Strike the other tuning-fork and hold it against the top of 
the other cigar box. Then stop the tuning-fork from vibrating 
by closing your fingers about the prongs. Listen carefully to 
the tuning-fork that your classmate is holding. How do you 
explain the results? 

b) Repeat the experiment, using two tuning-forks that do 
not give the same number of vibrations per second (for ex- 
ample, 250 and 320). Listen carefully to the tuning-fork that 
is not struck. Does it sound? 

In part a of the experiment the tuning-fork you struck 
sent out vibrations into the air. As the vibrating particles 
of the first sound wave reached the'still fork, they made it 
move back and forth a little in response to their motion. 
The second wave gave the fork a little push just as it 
started on its second vibration. Each sound wave thus 
made the second fork vibrate a little more. The second 
fork then gave out sound because it was tuned to the 
first fork; that is, it could give out the same number of 
vibrations per second as the first fork, and the rate of its 
vibrations was the same as the rate at which the sound 
waves struck it. 

In part b of the experiment the still fork did not sound 
in response to the fork you struck. The still fork could not 
vibrate in time with the waves that struck it. In other 
words, the still fork was ‘‘out of tune” with the fork you 
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struck. As a result, it gave out no sound. Do you see that 
sound waves make a body vibrate if the body can give out 
the same number of vibrations per second as the sound 
waves that reach it? When sound waves from one body 
make another body vibrate, the two objects are said to 
be in sympathetic vibration. 

Sympathetic vibrations occur very often, but most of 
us pay little attention to them. Hold down the loud pedal 
of a piano and sing a loud “O” sound. You will hear 
sympathetic vibrations from the string of the piano that 
is in tune with the note you sang. Watch the radio when 
it is playing loudly. Some small glass or metal object on 
the radio may vibrate in response to certain sounds. 
Scientists tell us that sometimes very fragile glass vases 
have been broken by means of sympathetic vibrations. 
Can you now tell why the seashell mentioned on page 356 
gives out a faint roaring noise when you hold it tightly 
against your ear? 

Self-Testing Exercises 

1. Explain in your own words what causes sympathetic 
vibrations. 

2. Give examples of your own to illustrate what is meant by 
sympathetic vibrations. 

W HAT IS THE STRUCTURE OF THE EAR? Three things are 
necessary for us to hear a sound. First, as you know, 
vibrations must be produced by some rapidly moving 
object. Second, some material must carry the sound waves 
from the vibrating object to us. Third, there must be some- 
thing to receive these vibrations and interpret them as 
sounds. Our ears are the parts of our bodies that do this 
last thing. Figure 326 shows that an ear consists of three 
parts — the outer ear^ the middle ear, and the inner ear. 
The outer ear is made up of the shell of flexible carti- 
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lage and skin that is attached to each side of the head. 
It includes also the opening, or canal, that leads into the 
head. A thin membrane, the ear drum, is stretched across 
the inner end of the canal. The drum is the partition 
between the outer ear and the middle ear. 

In the middle ear are three tiny bones fastened together 
by ligaments. The first of the bones touches the drum. The 
third bone is in contact with the inner ear. The inner 
ear consists of a device, the 
cochlea, which is shaped like 
a snail’s shell and is filled 
with a liquid. The cochlea 
has a spiral membrane that 
is fastened to the central 
part, much as the threads 
are coiled about a screw. 

This membrane is made 
of a great many crosswise 
strands of varying lengths. 

The auditory (hearing) nerve 
leads out from the cross 
strands to carry the im- 
pulses to the brain. 

H ow DOES THE EAR WORK? Now that we know how the 
ear is made, let us follow a sound wave to see how 
each of the parts of the ear helps us hear. The outside part 
of the ear is really a “megaphone in reverse”; that is, it 
collects sound waves and leads them into the canal. Get a 
megaphone and hold the mouthpiece to your ear. You will 
be surprised at the results, for even in a room so still that 
you can “hear a pin fall,” you can hear many noises. 
Sounds too faint and scattered to be noticed can be heard 
easily with a megaphone in this position. Now you under- 




Fig. S27. At tlie left is a drawinpf of the outside of the cochlea. At the 
right is shown the membrane that enables us to tell high sounds from 
low sounds. The numbers show the parts of the membrane that 
vibrate in response to sounds of those frequencies. Cycles mean the 
number of vibrations per secoiul. 

stand why people who are partly deaf used to have ear 
trumpets. However, as you will learn later, another kind 
of device is now used by people who are hard of hearing. 

As sound waves reach the middle ear, the back-and- 
forth movements of the air particles cause the drum to 
move back and forth (see page 338). The vibrating drum 
makes the three tiny bones vibrate, and these bones carry 
the vibrations to the liquid of the cochlea. You learned 
earlier in this part of the unit that a vibrating body can 
cause another body to vibrate in sympathy with itself if 
the two bodies are in tune (Experiment ^^9). 

One theory of how we hear is that the vibrations of the 
liquid in the inner ear cause sympathetic vibrations in the 
spiral membrane of the cochlea. For example, the long 
strands respond to low-pitched sounds, and the short 
strands respond to high-pitched sounds (Figure 327). Tiny 
nerve fibers are connected all along the spiral membrane. 
The part of the membrane that is vibrating sends nerve 
messages to the brain. Thus we can tell the kind of sound 
we are hearing. In this way we can hear sounds that 
range from Ifi vibrations per second to 20,000 per second. 

Think how delicate these hearing organs niusl be. 
The tiniest bit of energy is changed into air vibrations by 
360 
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someone’s vocal cords, by a ticking clock, by a falling 
spoon. These vibrations spread out in all directions until 
only a thousandth or a millionth part of the energy reaches 
our ears. Yet we recognize the sound and can usually tell 
which direction it came from. 

There are two other interesting parts of the inner ear. 
Figure 326 shows a peculiar part known as the balancing 
organ. This organ does just what its name tells us; it helps 
us keep our balance. Probably when you ride rapidly on 
a merry-go-round, you feel dizzy. This is because the 
liquid in this balancing organ is disturbed. Also, the dia- 
gram shows a slender tube from the back of the mouth to 
the middle ear. This is known as the Eustachian tube. 

Did you ever ride very swiftly up several stories in an 
elevator or up a steep mountain road? Probably you felt 
a peculiar sensation in your ears. You heard a slight pop- 
ping noise, and the pressure in your ears felt too great. 
Someone may have told you to swallow several times to 
relieve this. What really happened was that the air-pres- 
sure very rapidly became less on’ the outside of your 
ear drums. This left the pressure much greater on the 
inside of your ear drums. When you swallowed, some air 
moved out through your Eustachian tube to let the pres- 
sure become the same on the two sides of your ear drums. 

People who are ‘‘hard of hearing” no longer need to use 
ear trumpets. Modern hearing aids have a “microphone,” 
“radio set,” and a “loudspeaker,” or receiver. One kind 
is so fixed that the receiver can be placed in the opening 
of the outer ear to strengthen or amplify the vibrations 
that are received. Another kind is made so that the re- 
ceiver is clamped just back of the ear. The vibrations that 
are received by this instrument are transmitted through 
the bones of the head to the liquid of the inner ear. 



Fig. 328. A hearing device that 
helps carry the sound waves 
directly to the ear drum. It is 
connected with a small electric 
cell, (Sonotone Corp. photos) 


Fig. 329. A hearing device that 
transmits the sound waves to the 
bones of the head. Notice the 
little microphone and the bag of 
batteries beneath the arm. 


You will understand better how the last-named instru- 
ment works if you will stop both ears tightly and hold a 
watch between your teeth. You can hear the watch quite 
plainly. Its vibrations are transmitted through your teeth 
to the bones of your head and then to the liquid of the 
inner ear. From there the auditory nerve carries the im- 
pulses to the brain, where they are registered as sound. 
Of course, the person who is to use these hearing aids must 
try them to see which type is best suited to his needs. 

Since it is very important for us to hear well, let us men- 
tion a few ways of caring for the delicate organs with 
which we hear. A thick waxy substance is secreted in the 
canals to protect them. This wax should never be removed 
with a small sharp stick or other sharp instrument. 

You should be careful not to swim in water that might 
have germs in it, since some of them might easily get into 
the canals of your ears and cause infections. Before you 
do much diving, you should have a doctor examine your 
ears to see that they are in good condition, as sudden 
changes of pressure affect the drums. The doctor may 
advise you to wear rubber “ear stoppers’’ for protection. 
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You should avoid letting anyone shout loudly in your 
ears. The sudden vibrations might push the drums in too 
far and injure them. Also avoid “blowing your nose” too 
hard when you have a cold. The pressure may push bac- 
teria up the Eustachian tube into the middle ear. Remem- 
ber to consult a doctor at once when anything is wrong 
with your ears. 

Self-Testing Exercises 

1. Compare the crosswise strands of the spiral membrane of 
the cochlea to the strings of a piano. How are they alike? How 
are they different? 

2. Why do you think it was necessary for you to learn about 
sympathetic vibrations before you could learn how we hear? 

3. Tell what happens in hearing sounds from the time the 
sound waves reach your ears until the brain ‘‘registers” the 
sound. 

4. What is the Eustachian tube for? 

5. Make a list of the ways by which you can take care of 
your hearing. 

Problems to Solve ' 

1. Find out how your school doctor tests your hearing when 
he gives you a physical examination. 

2 , Look in some good reference book to learn more about 
how the balancing organs work. 

Problem 5: 

HOW ARE SOUND WAVES REPRODUCED? 

H ow ARE SOUNDS RECORDED? Perhaps you have en- 
joyed playing phonograph records and have won- 
dered how they produce sounds. The phonograph Ls a re- 
markable invention, yet we can easily learn the main 
things about how it works. Let us first find how sound is 
recorded on flat discs of the kind that can be bought at 
any music store. 



Fig. 330. Phonogra]>h needle and record grooves as they look when 
highly magnified (R.C.A. photo) 

Suppose a singer is making a record. What happens 
during the process? You have learned earlier in the unit 
that sound waves make objects vibrate when they strike 
them. The singer sings into a recorder that has across the 
mouthpiece a thin piece of material called a diaphragm. 
The sound waves caused by the singer’s voice make the 
diaphragm vibrate. When the sound is loud, the dia- 
phragm moves in and out for a great distance. When the 
sound is low, the diaphragm moves in and out only a 
slight distance. 

In older types of recording machines a sharp needle was 
pivoted to the center of the diaphragm. This needle rested 
on a soft wax plate that was rotating. The vibrations were 
carried from the diaphragm to the needle. As the dia- 
phragm vibrated, the needle was moved slightly from side 
to side as it went around the wax plate. This cut a curved 
groove into the plate. This groove was really a record of 
the sound waves that were produced by the singer. Ex- 
amine a phonograph recoril with a strong magnifying- 
glass to see what the grooves are like (Figure 330 ). 

To<lay phonograph records are made by an improved 
process, as you will learn later. But Dictaphones use the 




Fic, 331. This man is cutting the first wax disc from which the master 
phonograph records will be made. (R.C.A. photo) 


method of recording that has just been described. A per- 
son dictating a letter speaks into a machine that records 
the vibrations of his voice on a revolving wax disc or 
cylinder. When the secretary wishes to type the letter, 
she plays the record of the voice, much as we play records 
on a phonograph. As the speaker's voice is reproduced, 
the secretary types the words, and the Dictaphone has 
done its work. 

In the modern method of making phonograi)h rec^ords, 
the performer sings or speaks into a macliine with a 
diaphragm like the one you have just read about. In 
this method, however, an electric current is used to 
transmit the vibrations to a recording needle. The needle 
cuts a wavy groove in a soft wax plate. This process is 
known as electrical recording. It makes a better record of 
very high and very low notes than the older method. The 
older machines could not make a record of very high and 
very low notes that would sound natural when it was 
played. In addition to making more natural records, elec- 
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trical recording improves the quality of sounds that can 
be reproduced. In other words, it makes a singer’s voice, 
spoken words, and music from instruments sound almost 
exactly as they sound when we hear them directly from a 
person or from musical instruments. 

By means of electricity the soft wax record is duplicated 
in copper. Later you will learn more about this process, 
known as electroplating. A commercial record of the kind 
you buy in music stores is made by pressing the copper 
plate against a smooth disc with a force of several tons. 
In this way the disc is made into a record that is ready 
to be played on your phonograph. 

H ow ARE SOUNDS REPRODUCED IN PHONOGRAPHS? NoW 
let us see how the phonograph reproduces sound 
from these records. An experiment will help you under- 
stand this better. 

Experiment 30. How Does a Phonograph Record Produce 
Vibrations? If you can get a phonograph, put a record on the 
turn-table and start it moving. As the record tiu-ns, hold a long 
thin sewing-machine needle between your fingers. Place the 
point of the needle on the rough part of the record. Can you 
feel the needle vibrate slightly as it follows the groove? Hold 
your ear close to the needle. Can you hear a faint sound? 

Hold the needle between your teeth with your lips apart. 
Place the point of the needle in the groove. Can you feel the 
vibrations with the needle between your teeth? Can you hear 
the sound more plainly? Hold the needle in the fingers with a 
small card touching the needle. The card acts like a diaphragm. 

During the experiment you probably observed that re- 
producing sound from a record is just the reverse of the 
recording process. To reproduce sound, a diaphragm is 
used (Figure 332). The diaphragm has a pivoted needle 
connected to its center. As the record is rotated, the needle 
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is placed in the groove near the edge of the record. Re- 
member that the groove is wavy; it corresponds to the 
vibrations of the sounds that made it. The needle vibrates 
from side to side as it follows the groove. 

In mechanical phonographs the vibrations from the 
needle are carried directly to the diaphragm, which 
changes them into sound wp ^^ es. The sound waves are then 
carried through a tube 
and sent out through a 
loudspeaker into the air. 

In electrical phonographs 
the vibrations are carried 
by electric current to 
tubes similar to those in 
your radio. These tubes 
amplify (strengthen) the 
electrical vibrations. The 
amplified vibrations go to 
a loudspeaker, where they 
are changed to sound 
waves by an electromag- 
net and a diaphragm. Fig. 332 . A mechanical pic] 


Self-Testing Exercises 

1 . Tell in your own words how a phonograph record is made. 

2. Explain why the groove in a record is crooked. 

3. What is meant by electrical recording? What are some of 
its advantages? 

4. Tell how a phonograph record makes sound. 


Problems to Solve 

1. Read in some good reference to learn more about how 
records are made. Make a report of your findings to the class. 

2. Find out how hiLl-and-dale recording is done. 

3. Read the storv of Edison and the first phonograph. 


Fig. 333. The baml shell at Hollywood Bowl, California (Burton 
Holmes photo from Ewing Galloway) 

Problem 6: 

HOW DO WE CONTROL SOUND? 

H OW AUK WOUNDS MADE JL.OXTDER? Have you ever been 
awakened by the noise of a train or a truck as it 
passed near you.^ Have you ever tried to listen to music 
or to a speaker in an auditorium which made the sounds 
seem “blurred^’? One of man’s big i>roblems today is to 
control sound. Thus far in the unit you have studied how 
sound is controlled in musical instruments and in sound 
reproducing machines, such as phonographs. In this prob- 
lem you will learn of some other ways in which man uses 
his knowledge of sound. 

Megaphones are used to direct sound waves in the 
direction we wish them to go. Band shells (Figure 333) are 
another way in which sounds are mjide louder. When you 
listen to a band or an orchestra playing in a band shell, 
some parts of the sound waves go directly to you. Other 
parts of these waves go back against the curved walls of 
the band shell and are reflected back to you. In this way 
sound waves can be directed toward the listeners instead 
of being scattered in all directions. If you have ever 
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listened to a band play in Ihe open, you will know how 
hard it was to hear the music when you were some 
distance away. Many auditoriums use some kind of 
reflecting device back of the speaker to make his voice 
easier to hear. 

Still another way of making sounds louder is by means 
of resonators and sounding-boards, as in the music^al in- 
struments of Problem 4. In Experiment 29 you used cigar 
boxes as resonators to make the faint sounds of the tuning- 
forks louder. This resonance is greater when the air col- 
umn is the right size to vibrate in sympathy with the 
vibrating object. The electric door chime in Figure 834 
owes its pleasant singing tone to resonance. When the door 
button is pushed, an electromagnet makes a hammer rise 
and strike the bar on the under side. The air space inside 
the tube is the right size to vibrate in sympathy with the 
bar. In this way the sound of the vibrating bar is reen- 
forced, and a pleasant singing tone is heard. 

H ow ARE ECHOES 
PREVENTED? An- 
other problem in con- 
structing auditoriums 
and other buildings is 
preventing echoes. Have 
you ever played out-of- 
<loors some distance 
from the walls of a large 
building or in a meadow 
some distance from a 
cliff? If you have, you 
probably noticed that 
shortly after you call 
(on a still day) you can 
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hear your own voice repeating the same call. What 
causes echoes? 

When sound waves strike a large surface, such as a 
wall of the face of a cliff, they are reflected back to you. 
Scientists have found that you must be at least fifty-five 
feet away from a building or cliff to hear echoes clearly. 
If you are nearer, the sound is reflected to you so quickly 
that you do not notice the difference between the original 
sound and the reflected sound. 

Echoes are sometimes very annoying indoors. Most 
rooms are shorter than fifty -five feet; so we do not hear 
distinct echoes in them. But when you clap your hands or 
speak in an unfurnished room, you can hear peculiar 
ringing sounds that are caused by the reflection of sound 
from wall to wall. Sometimes auditoriums are just the 
right length for sound to travel from the speaker’s voice 
to the back wall and return in time to overlap his words. 
This makes the speaker’s voice sound blurred and makes 
it hard for the audience to understand him. 

Scientists are learning how to design rooms that do not 
echo badly. They do this by planning the shape and size 
of the rooms with great care. In many cases, however, it 
is found that echoes must be controlled after a building 
has been erected. Walls that are covered with smooth, 
hard plaster make excellent sound reflectors. In such 
cases the echoes can often be overcome by hanging heavy 
curtains at the back of the auditorium to absorb the 
sound waves that reach it. Carpets and upholstered seats 
also help keep down the reflection of sound waves. 

Sometimes the walls and ceilings (Figure 335) of large 
halls are covered with a special kind of plaster that has a 
soft, rough surface which absorbs sound waves instead of 
reflecting them. Composition wall-boards that have 



Fig. 335. Sound-insulating material on the ceiling of the high-school 
auditorium at Alexandria, Virginia (U. S. Gypsum Co. photo) 

rough, porous surfaces are used for the same purpose. 
Look in your school auditorium, in restaurants, and in 
theaters to see whether you can find some of these 
materials in actual use. 

Self-Testing Exercises 

1. What causes an echo? 

2. Why are echoes in auditoriums undesirable? 

3. How can echoes in rooms be reduced? 

4. How does a megaphone help control sound? 

Problems to Solve 

1. The next time you hear an echo, try to find how far the 
reflecting surface is from the source of sound. 

2. Find what is meant by acoustical engineering. Report your 
findings to your class. 

H OW IS NOISE REDUCED? Noisc cuts down our eflSciency 
when we are working, disturbs us when we are 
asleep, and causes unhealthy nervous tension. Noise can 
be lessened by reducing the number of causes of sound. 
Some cities, for example, have reduced noise by teaching 
automobile drivers to use their horns only when neces- 
sary, and good drivers do not need to use their horns 
very often. Rubber tires on autos and trucks, rubber 
heels, rubber shoes for milkmen and their horses, and 


Fig. 336. One of the orchestral studios of a radio broadcasting station. 
Such rooms must be very carefully planned by acoustical engineers to 
avoid echoes and reverberations that would be caught by the sensitive 
microphones. (N.B.C. photo) 

heavy carpets on floors all prevent the vibrations that 
cause sound. 

A second important way to reduce noise is to absorb 
the sound vibrations after they have been started. 
Mufilers on automobile exhaust pipes absorb much of 
the sound of the motor’s explosions. And you have already 
learned that rough surfaces and cloth coverings for walls 
and floors absorb sound. Very often, too, sound vibra- 
tions can be prevented from passing through walls and 
through metal or wood to surfaces that make them louder. 
Porous and flexible materials such as rubber, felt, and 
rock wool do not transmit sound waves as air, wood, and 
steel do. They are therefore called sound insulators, 

Sound insulation is used in many places. Typewriters 
are placed on felt or rubber pads to keep their vibrations 
from passing to the tables. Automobile and electric 
motors are mounted on rubber blocks. Felt strips are 
put between parts of automobile bodies. The walls of 
broadcasting studios and apartment buildings are filled 
with rock wool or other sound-insulating materials. Can 
you find other uses for these materials? 
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Self-Testing Exercises 

1. Why is noise undesirable? 

State two important ways of reducing noise. Give three 
examples of each way. 

3. What is a sound-insulating material? Give some examples 
of the use of such materials. 

Problems to Solve 

1. Find out how broadcasting studios are sound-insulated. 

2. If possible, get some samples of sound-insulating mate- 
rials and make an exhibit for your class. 

3. Find out \iovf fathometers show the depth of the ocean. 

4. Explain why the alarm clock shown in Figure 299 was 
placed on a thick pad of cotton. 

LOOKING BACK AT UNIT 6 

1. Copy the headings of all the problems and sub-problems 
of the unit. Under each one write the main ideas that are 
needed to give a good answer to that problem. 

2. Look over the answers you made for the Introductory 
Exercises on page 314. What changes would you make in 
answering these exercises now? Write these changes on a sheet 
of paper and add them to your original answers, 

3. Show that you know the meanings of the following words 
by using them in sentences or in other ways: 

acoustical engineer quality reed 

auditory nerve noise resonator 

cochlea overtone sound waives 

echo 'percussion instruments sympathetic vibration 

larynx pitch vocal cords 

ADDITIONAL EXERCISES 

1. What vibrates to cause sound in the pipes of a pipe organ? 

2. When you are sitting at the back of a large auditorium, 
you hear the low notes and the high notes of an orchestra at 
the same time. From this experience, do you think that pitch 
affects the speed of sound? Explain. 
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3. When you are in a noisy room, why do you cup your 
hands behind your ears when the speaker is not talking loudly? 
Why do you sometimes cup your hands about your mouth be- 
fore you call to a person some distance from you? 

4. If you were playing a phonograph and speeded up the 
number of revolutions of the record, what would be the effect 
on the music it was producing? Explain why. 

5. Speaking-tubes are long tubes with funnel-shaped ends. 
Voices can be heard long distances through walls by using such 
tubes. Explain why they are successful. 

6. Make a string telephone. To do this, fasten the end of a 
long, strong string or a small wire tightly in the bottom of a 
medium or large-sized tin can. In the same way fasten the 
other end in the bottom of another tin can. Stretch the string 
or wire tight and speak into one tin can while a friend holds the 
other can to his ear. Does sound travel along the string or wire? 

7. Construct a musical instrument with strings, a board, 
and a cigar box. 

8. Read about Helmholtz and some of the things he dis- 
covered about sound. 

9. How are sounds used to study the structure of rocks 
below the surface of the earth? This is called geophysical pros- 
pecting. Look in reference books under this name and in 
articles on petroleum. 

10. Find out about the ‘‘Doppler effect.” First hear it for 
yourself. Stand by a road while automobiles are going. Notice 
whether the pitch of the sounds they make becomes higher or 
lower as they go by you. Then look in physics books to find 
the cause for the change in pitch. 




Fig. 338. Perhaps you live in Pennsylvania, near the i)lace where 
this new traffic invention was first tried out. Do you know how it 
works? (Photo by Mieth from Life) 

LOOKING AHEAD TO UNIT 7 

W HILE THIS book was being written, a very interest- 
ing invention was made to help avoid automobile 
accidents on hills. The invention looked like a bridge 
across the highway at the top of the hill and about 
twenty-five or thirty feet above the pavement. But the 
purpose of this structure was to act as a support for huge 
sheets of glass. As you started up the hill, you looked up 
into the glass, and you could see any automobiles that 
might be on the other side of the hill. 

Perhaps you think that this was made possible by 
mirrors, but you are mistaken. The glass into which you 
looked was clear glass. You were looking through it, and 
you were actually seeing over the top of the hill and down 
the other side. Do you have any idea how this sheet of 
glass could make it possible for you to see in a way that 
you know you cannot ordinarily sec? What did the glass 
do to show you the road on the other side of the hill? 
You will be able to explain this interesting invention 
when you have found out in this unit how light acts. 
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Fig. 339. Why does this beam of light do such strange things when it 
enters the water in the jar? When you have studied this unit, you will 
be able to explain these pictures. 

If you have a ruler on your desk, look at it. You will see 
that it looks perfectly straight. But there is a way to make 
the ruler look as if it were bent. Just hold it in a slanting 
position in water and look at it from the side. Of course, 
putting the ruler in water does not bend it. It just looks 
as if it were bent. But why does it look this way? If you 
hold the ruler straight up in the water and look down at 
the end in the water, you will see that it looks much 
shorter. Why do you suppose it looks bent when held in a 
slanting position and shorter when held upright? 

Did you ever wish that you had eyes in the back of 
your head, so that you could see what was going on be- 
hind you? Perhaps you think that your teacher has. 
There is, of course, no way to look behind you without 
turning your head. But there is a way to see behind you. 
If you have not guessed already what that way is, you 
will understand when we say that all you need is a mirror. 
You probably look at yourself in a mirror at least once a 
day. If you are a girl, you may look more often. A mirror 
is such a common thing that you have probably never 
wondered why you could see yourself in it. But why can 
you? You cannot see yourself if you face a piece of wood 
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Fig. 340. Yon have probably often seen the strange shapes that 
buildings and peoj^le take when they arc seen in curved mirrors, as 
shown ill this polished automobile lamp. (Photo from The Texaco Star) 

or a piece of paper. Perhaps you think the answer is 
that you can see yourself in the mirror because it is shiny. 
But why can you see yourself in shiny surfaces and not 
in other kinds of surfaces? 

Carnival companies sometimes have strange mirrors. 
If you look at yourself in one of' these mirrors, you may 
look short and fat; in another mirror you may look tall 
and thin. You know that you cannot be short and tall at 
the same time. As a matter of fact, neither one of these 
mirrors is telling the truth. Can you explain how they can 
change your appearance? 

These questions are only a few of those that can be 
asked about the way in which light behaves. You can see 
already that people who say, ‘T believe what I see,’’ had 
better be careful. What they think they see is often much 
different from the real facts. It is an actual fact that a 
short girl will look shorter and fatter if she wears a dress 
with stripes running around the body or with a large plaid 
pattern. She will lopk taller and slimmer in a dress with 
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vertical stripes. It is also a fact, as you know, that a 
magnifying-glass will make objects look larger, and a 
telescope will make distant objects appear much nearer. 
Colors of objects do not always appear the same, either. 
In the sunlight they do not look the same as they do in 
the light of an electric lamp. 

In this unit we will try to find out the reasons for some 
of the strange ways you see things. When you know how 
light travels and how it behaves under certain conditions, 
you will be able to understand the experiments and the 
facts you have just read about. 

Problem 1 : 

HOW DOES LIGHT BEHAVE? 

W HY ARE OBJECTS VISIBLE? When you go into a totally 
dark room, what do you see? Nothing, of course. 
Then you turn on a switch, and, presto, your invisible 
surroundings become visible chairs, tables, rugs, and 
pictures. They were there all the time, but you could not 
see them. Just a turn of a switch that lighted a small 
electric lamp brought about this change. The lamp, how- 
ever, has the power of sending out light. When it sends 
out light, it becomes visible itself. And its light helps you 
see other things that do not themselves give out light. 

We are so used to having light whenever we want it 
that we seldom think how different life would be with- 
out it. We use our eyes for practically everything we do. 
Without light, however, we would have no use for eyes. 
Curiously enough, certain people of long ago thought that 
they could see things because something traveled from 
their eyes to the object. We now know, however, that we 
see because light travels from the object to our eyes. 

While it is true that we can see only objects that send 
light to our eyes, there are very few objects that have the 



Fio. 341. This picture was taken by flashlight; and what do you 
suppose the flashlight was? It was a lightning-bug. You can see the 
dim outlines of parts of its body. (Photo by Dr. Ralph Buchsbaum 
from his Animals Without Backbones) 

power of producing and sending out light. The sun, as you 
know, is one of these. From far out in space, other suns, 
the stars, send us their dim light. Metals give off light 
if they are heated hot enough. In our electric lamps a 
fine wire is heated so hot that it gives out light. When 
materials burn, the materials in the flame are heated and 
become luminous; that is, they give out light. Kerosene, 
gasoline, and gas lights are possible because of this fact. 
On a summer evening we can see the lightning-bug, or 
firefly, turn its little glow of light on and oft’. Deep down 
in the ocean, where no light from the sun can reach, are 
deep-sea fish that light up the depths in somewhat the 
same manner as the lightning-bug. These animals are 
almost the only sources of light that nature provides. 

An object must send light to our eyes before we can see 
it. You can understand, therefore, that objects which do 
not produce and send out light of their own must be 
lighted by some source of light. If we are to see an object, 
light from the luminous source must be reflected from the 
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object to our eyes. Light is reflected from objects in some- 
what the same manner that a ball is bounced off a building. 
Light from the sun or from a lighted lamp travels to the 
object, “bounces” off the object, and some of it enters 
our eyes. When light does this, we say that the object 
reflects light. 

In Problem 2 you will learn more about how light is 
reflected. All you need to know now is that you see an 
object either because the object itself is luminous or be- 
cause it receives light from some object that is luminous. 
For example, you see an electric lamp because it sends 
light directly to your eyes. You see a book because it 
reflects the light from the sun or from an electric lamp 
to your eyes. 

Self-Testing Exercises 

1. Why can you see nothing in a totally dark room? 

2, Is it correct to say that anything which can be seen is 
luminous? Explain your answer. 

S. Explain why the book that you are now reading can be 
seen. 

Problem to Solve 

Is the moon luminous? Explain. 

W HAT HAPPENS TO LIGHT WHEN IT STRIKES MATERIALS? 

You have already learned one thing that can hap- 
pen to light when it strikes a material. It can be reflected. 
Whenever you look through a window-pane, you are 
making use of another way that light behaves when it 
strikes a material. It passes right through the glass to 
your eyes, and you can see things outdoors almost as 
well as if the glass were not there. We say that a material 
such as glass is transparent. Air and cellophane are two 
other transparent materials. 



Fig. 353. An almost perfect re- Fig. 354. The movement of the 
flection in the quiet water (©Fox water changes the image of the 
Photos, JLtd.) trunk of the tree. 

light, because it is not quite smooth. It may look smooth, 
but even the smoothest-looking paper has a surface of 
tiny hills and valleys. When light strikes such a surface, 
it is scattered in all directions (Figure 352). 

You can see the difference between regularly reflected 
light and diffused reflected light by looking at the re- 
flection of trees in a pool of water. Or you can pour some 
water into a dish and place one or two objects near it, so 
that you can see the reflection in the water. When the 
water surface is perfectly still, the picture in the water is 
a clear-cut reflection of the trees or objects. In fact, you 
can sometimes take pictures so that it is almost impossible 
to tell which is the object and which is the reflection 
(Figure 353). When the water is disturbed by waves, then 
the reflection is irregular, and the objects do not appear 
as a true picture. There is still reflection, but the irregular 
surface prevents regular reflection. 

In using the reflection of light you must remember 
what you learned in Experiment 31. Materials differ a 
great deal in their reflecting power. Bright objects or 
light colors reflect a great deal of light. This is why they 
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Fia. 355. Notice how differently the light is reflected in different pai 
of this picture. The almost white concrete reflects much light. If the 
whole pavement were black, like the strip of tar in the center, auto- 
mobile lights would show the driver almost nothing other than the 
pavement a few feet ahead of the car. (Ewing Galloway photo) 

appear bright to you. Dark-colored objects or dull objects 
absorb light and reflect very little. Experiments have 
shown that white walls reflect about 80 per cent of the 
light that falls on them; medium gray reflects about 35 
per cent; dark brown, 15 per cent; dark green, 5 per cent; 
and black, practically none. You will see later that the 
per cent of light reflected from different colors is of great 
importance in decorating a room. 

Now that you know how light is reflected, you can ex- 
plain many things. In a dark motion-picture theater you 
seem to see the beam of light from the motion-picture 
machine. What you really see is the light reflected from 
the countless dust particles in the air. You can test this 
for yourself. Let a beam of sunlight fall through a small 
opening under a curtain. Clap two erasers in the beam of 
light. What happens 

What you have just learned shows you why it does not 
get dark immediately after the sun goes down. The sun 
has gone behind the curve of the earth, but its rays are 
still shining through the air above your head. When the 
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light falls on the dust particles and other substances 
in the air, it is reflected or diffused. You can also under- 
stand why dark-colored roads are hard to see at night, 
and why white lines are often painted down the center. 
At dangerous turns in the road a white fence is often 
built. The white paint reflects the light from the head- 
lights of cars so that drivers can see where the center of 
the road is and where the turns are. Now you know why 
it is lighter on a night when snow is on the ground. If 
you will look around you, you will find that the way 
light is reflected from different objects, surfaces, and 
colors explains many things about their appearance. 

Self-Testing Exercises 

1. Make a drawing of a mirror with a candle at one side of 
the mirror. Then draw an eye to show where you would have 
to be to see the candle in the mirror. Explain how you determine 
just where to place the ‘‘eye.” 

2. How do you account for the difference between light re- 
flected from a mirror and light reflected from a piece of white 
pa}>er? (Refer to Experiment 84.) 

3. Why do some objects appear dark while others appear 
light or bright? 

Problems to Solve 

1. Why does a wet spot on pavement shine? 

2. If the paper of a book is very glossy, it is hard on the 
eyes. Explain. 

H OW DO WE USE MIRRORS? You have been looking at 
mirrors all your life. But have you ever studied a 
mirror? For example, when you look in a mirror, does 
the right side of your body appear on the right side of the 
image in the mirror or on the left side of the image? To 
answer this question you must remember that your image 



Fig. 356. Some of the people in this crowd are using periscopes to see 
over the heads of the other people. (Fox Photos, Ltd.) 

is facing you. If you put your finger over your right eye, 
it will appear over the left eye in your image. We say, 
therefore, that images in a mirror are reversed. If this is 
true, how would a word written on a piece of paper appear 
if held up and read in the mirror? Try it and see. Were 
you right? 

Another strange thing about a mirror is that you can 
see yourself walking toward or away from a mirror. Did 
you know this? Try it. When you stand in front of a 
mirror, you will see that your image appears as far back 
in the mirror as you are in front of it. You can easily 
prove that this is true. 

Expkriment 35. How Can We Prove That the Image in a 
Mirror A-ppears as Far Back in the Mirror as the Object Is in 
Front of the Mirror? Set up a sheet of glass in a room that is 
not too light and where there is no strong light behind the 
glass. Under this condition the glass will reflect light as a mirror 
does. Place a lighted candle in front of the glass and an un- 
lighted candle behind the glass (Figure 357). If you look into 
the glass, you will see the reflection of the lighted candle in 
front of the glass, and you will also see the real candle through 
the glass. 

Now move the lighted candle about so that its image fits on 
the image of the unlighted candle, no matter from what angle 
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Fig. 357. Apparatus for Exporiment 35 Fig. 358. A periscope 


you look at it. Then measure the distance from the glass to 
the lighted candle and the distance from the glass to the 
unlighted candle. What do you ftnd? 

Watching a circus parade is fun if you can get in the 
front row where you can see it. Sometimes, however, you 
cannot see over the heads of the people in front of you. 
Figure 356 shows what many people did in looking at the 
coronation parade of King George VT of England. Do you 
see the (lueer-looking boxes? You (!an understand what 
the boxes were if you look at Figure 358. This picture 
shows a periscope. It has two mirrors in it, one at the top 
and one at the bottom. The lines show what happens to 
the rays of light. The periscope works on the principle 
that the angle of reflection equals the angle of incidence. 
Wooden periscopes like these were often used in the Great 
War by soldiers. Submarines, as you know, use periscopes 
to see what is going on around them when they are 
submerged. 

So far, we have been talking about plane mirrors, that 
is, mirrors that are not curved. Your father may use a 
curved mirror when he shaves. If you will look into this 
mirror, you will see that it makes your face look much 
larger. This mirror is a concave mirror; that is, it is curved, 
or caved, inward like a shallow plate. You have surely 
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seen the little mirror on a long 
handle that the dentist uses. This 
is also a concave mirror and 
makes your tooth look larger. 
Just why this happens is too dif- 
ficult to explain fully here. In 
general, it happens because a 
curved surface reflects light 
differently from a plane sur- 
face. 

You can see another way in 
which curved surfaces affect the 
reflection of light if you will look 
at yourself in the polished back 
of a spoon. Turn the spoon in 
different ways and see how dif- 
ferent you look. This, with the 
concave mirror, is the explana- 
tom is a convex mirror. tioii for the mirrors that carnival 
companies have. The back of a 
spoon is a convex mirror. You note that you appear much 
smaller. An important use of the convex mirror is for 
rear-view mirrors on trucks and automobiles. 

In Book 2, page 60, you had one example of how a 
concave mirror is used. Reflecting telescopes use mirrors 
of this type. Light falling from a distant star falls on this 
mirror. The mirror reflects this light in such a way that 
all the light collected is concentrated, or focused, on a 
certain point. Therefore it is more intense when it strikes 
that point. A plane mirror is placed at this point, and it 
reflects the light through the eyepiece of the telescope. 
A concave mirror of the correct shape concentrates at 
one point all the light received over the whole surface 
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of the mirror. This intense 
light makes it possible to 
see stars that are not visible 
in any other way. 

Brightly polished metal 
mirrors are used in automo- 
bile headlights. The pecu- 
liar shape of the headlight 
makes it possible to send 
out rays that shine only on 
the road when the light 
bulb is in just the right 
place. This helps to prevent 
a glare in the eyes of the 
driver whom you are pass- 
ing. Notice, however, that 
in the case of each ray, the 
angle of reflection is equal 
to the angle of incidence. 
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Self -Testing Exercises 

1. What does Experiment ,S5 show you about the image 
that you see in a mirror? 

2. Explain how a periscojK' is made so that you can see 
around comers with it. 

3. If you stand in front of a plane mirror, do you look the 
size you really are or smaller or larger? In front of a concave 
mirror how would you look? In front of a convex mirror how 
would you look? 

4. Why is a concave mirror used in a reflecting telescope? 


Problems to Solve 

1. Clothing stores have mirrors arranged so that the cus- 
tomer can see the back and sides of his body at the same time. 
Make a drawing that will show how these mirrors are arranged. 
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Check your drawing by comparing it with the mirrors in some 
store in your town. 

2. Why can you usually see yourself in the plate-glass 
windows of stores? 

3. Some signs along the highway seem to become luminous 
when they are lighted from an automobile headlight. Find out 
how the signs are constructed. There are a number of ways 
of making them. 

4. Can one see through a brick? You can make it seem as if 
this is possible if you will arrange an apparatus like the one 
shown in Figure 361. You can make the tubes of cardboard, 
and you will have to bore holes in the board, as shown by the 
dotted lines. The only difficult part of the apparaitus is to get 
the mirrors at the right angles. 

5. In some stores “invisible” show windows are used. Find 
out how they work. 

6. Hold a brightly lighted pin close to a mirror in such a 
way that you see the image of the pin at a more oblique angle 
than is shown in Figure 350. Do you see one or two faint 
images of the pin in addition to the clear image? Explain why 
you see what you see. 



A-iw. oui. X11C5C two pictures snow you now to set up an apparatus 
that enables you to see through a brick. 




Fig. SG'i. The eyes suffer little Fig. 363. This is the kind of use 
strain in surroundings like this. that puts a strain on the eyes. 
(Ewing Galloway photo) (Ewing Galloway photo) 

Problem 3: 

HOW DO WE USE LIGHT IN OUR HOMES? 

H OW MUCH LIGHT DO WK NKKD IN OUR BUILDINGS? So 
far as we know, the eyes of man today are no dif- 
ferent from the eyes of primitive man, who lived perhaps 
a hundred thousand years ago. Eyes, like other parts of 
living things, are adapted to the kind of environment in 
which a living thing spends its life. The human eye de- 
veloped in such a way as to adapt it to the conditions in 
which man lived. Let us look at these conditions. Prim- 
itive man worked or hunted in the daytime. For light he 
used the direct light from the sun or the diffused light 
reflected from particles in the air, the trees, the soil, and 
other surfaces. 

To see how much light this is, we need a unit to measure 
how strong or how intense a light is. The unit used is 
called a foot-candle, A foot-candle is the brightness of the 
illumination provided by a candle at a distance of one 
foot. The candle must be just a certain size and burn oil 
at just a certain rate. You can get a better idea of how 
much light this is if you will hold a printed page at a 
distance of one foot from a lighted candle in a dark room . 
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As you can see, a foot-candle is very little light. On a 
bright sunny day the sun furnishes us with an illumina- 
tion of about 10,000 foot-candles. On a cloudy day, of 
course, the illumination is much less, but it rarely falls 
below several hundred foot-candles. On a shady porch 
on a sunny day the illumination is about 500 foot-candles. 
Do you see that our eyes are adapted to outdoor condi- 
tions in which hundreds or thousands of foot-candles of 
illumination are available? 

Primitive man did little work of a close nature, that is, 
work that had to be held at a distance of one or two feet 
from the eyes. He did not sew with fine thread; he could 
not read; his art was very crude, and so were the tools he 
fashioned. He did not spend long hours each day using 
his eyes constantly for close vision. He used his eyes 
mostly in hunting and in other long-distance seeing. As 
a result, the eyes of human beings are best adapted for 
seeing at distances of twenty feet or more. 

Modern conditions have brought about great changes in 
the way we use our eyes. Our eyes have not changed ; they 
are still best adapted to the kinds of surroundings that 
primitive man had. Today, however, we do much of our 
work indoors, where the light is far different from the 
light out-of-doors. Tests of lighting conditions in factories 
have shown surprising results. Even at a distance of a 
few feet from a window on a sunny day, the illumination 
may fall to as low as 20 foot-candles. Near the wall, on 
the other side of the room, only one or two foot-candles 
of illumination may be present. The kind of work done 
has also changed. Now most of our work is done at a 
distance of from one to two and a half feet from the eyes. 
Furthermore, our eyes are in almost constant use. 

It is no wonder, then, that so many people have trouble 
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with their eyes. Their eyes are not 
adapted to the kinds of uses to 
which they put them. In the United 
States one out of every five chil- 
dren in elementary schools, two out 
of every five students in college, 
and three out of every five old 
people have defective eyes. Figure 
364 shows the per cent of people 
in different occupations who have 
eye diseases or whose eyes show 
eyestrain. The farmer and laborer 
work under conditions most like 
those of primitive man. Men in 
these occupations have the least 
trouble with their eyes. As you 
look at Figure 364, you can see 
that eyestrain and diseases of the 
eye are most frequent in people 
who use their eyes for close work. 

H ow DO WE GET THE RIGHT KINDS 
AND AMOUNTS OF LIGHT IN 
oirR BUILDINGS? What are we going 
to do about this constant strain 
on our eyes? We cannot go back 
to living in the manner that primitive people lived. Even 
if our eyes are not adapted to present conditions, we 
have to use them. There are two things we can do to help 
our eyes: First, we can learn how to take care of our eyes 
to avoid eyestrain. This you will learn about in a later 
problem. Second, we can provide for the proper lighting 
of our homes. We can see to it that we get enough light 
to do what we have to do. 
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Fi(}. Study these pictures carefully. They show you how many 
foot-candles of light are needed for various uses of the eyes and how 
many watts of electricity are needed. 

With the invention of the light meter (Figure 367), 
lighting has become a science. By this instrument it is 
possible to tell how much light is needed for different 
purposes and the kind and number of lamps needed to 
supply this light. The results of experiments show the 
following light needs: (1) For use in the dining-room, at a 
card table, and other eye work not requiring close sight— 
10 foot-candles or less. (2) For reading good print on white 
paper, coarse knitting, ironing, cleaning vegetables, etc.,— 
10 to "20 foot-candles. (3) For intensive use of eyes, such 
as sewing at machines, studying, and drawing— 20 to 50 
foot-candles. (4) For reading fine print, sewing with dark 
thread on dark goods, etc. — 50 to 100 foot-candles. 

Figure 365 shows examples of the sizes of electric lamps 
needed to supply the correct amount of illumination. You 
will notice in these figures that the distance from the 
lamp to the work is given. In placing laAips it is always 
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Fig. 366. Apparatus for Experiment 36 


necessary to consider this distance, as you will see from 
the following experiment. 


Experiment 36. What Effect Does the Distance f rota a Source 
of Eight TIave upon Its Intensity? In a dark room place a candle 
or electric flashlight one foot from a cardboard that has a hole 
one inch square at the center (Figure 366). Allow the light to 
pass through the hole in the first cardboard and strike a second 
cartlboard, which is marked off in sc[uare inches and< which is 
held two feet from the candle. Mow many stpiare inches does 
the beam of light cover on the second cardboard? Move the 


seeontl cardboard tliree feet from the eamlle. Mow many square 
inches of space are covered by tlu' honu\ of lip-lit? 


From this experiment 
you see that the intensity 
of light becomes less as you 
go away from the source of 
light. You see that the light 
is only one-fourth as intense 
at a distance of two feet as 
it is at a distance of one 
foot. This is true, as the 
experiment showed you,"^ 
because the light is scat- 
tered over four times as 
much space if the distance 
is doubled. In||||P^^ words, 
at 15 inches a lamp may 


LIGHT 
SENSITIVE 
rpii 



Ftq. 367. A light meter (General 
Electric photo) 
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Fig. 368. Notice how well lighted all parts of this room are. Floor 
and table lamps provide light for close work and are shaded to keep 
direct light from the eyes. Overhead is a ceiling light covered with 
frosted glass to give a soft, diffused light to all parts of the room. 
(General Electric photo) 

supply 20 foot-candles of illumination. At 30 inches the 
same lamp would provide only five foot-candles. 

If you examine each lamp at home to see the size of 
lamp bulb and the distance the lamp is from your work, 
you can, by comparing it with the examples in Figure 365, 
tell whether you are getting enough light. If you are not 
getting enough light, either use a largei* electric lamp or 
move closer to the lamp. The lamp should be far enough 
away from you to light your entire work. In most cases 
it is better to increase the size of the light bulb. 

So far you have been learning about the amount of 
light needed for work that you are doing. This is called 
local lighting. In addition, tnere should be general light- 
ing for the room. This is usually provided by a central 
lamp in the ceiling. Lamps in the ceiling are generally of 
three types. In direct lighting the light comes directly from 
the lamp. Frosted glass bulbs that diffij^e the light are 
much better than plain glass bulbs. In the semi-direct 
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method a translucent frosted bowl is placed under the 
lamp. Some of the light passes through the bowl and is 
diffused; some is reflected by the bowl to the ceiling and 
then comes back to the room. This combination of diffused 
light and diffused reflected light is most pleasing to the eye. 

In the indirect method the bowl under the light is 
opaque, so that no light can come directly to the room. 
It is all reflected to the ceiling and then comes back to 
the room. Floor lamps are also made to light a room by 
this method. This is an excellent method for general light- 
ing, because the diffused light is very soft and pleasing 
to the eye. 

Self-Testing Exercises 

1. To what kinds of conditions are the €\yes of man adapted? 

2. Make a list of the ways in which you use your eyes. Place 
an “A” before the ways to which our eyes are naturally adapted 
and an “N’’ before the ways to which our eyes are not 
adapted. 

3. Make a drawing that will show why the light is only one- 
fourth as intense if the distance from the source is doubled. 

4. What is the difference between general lighting and local 
lighting? 

5. What is the difference between direct lighting, semi-direct 
lighting, and indirect lighting? 

6. What are the advantages and disadvantages of each 
method of lighting? 

Problems to Solve ^ 

1. Make a drawing showing the location and candle-power 
of the lamps and the location of the furniture in your living- 
room at home. Compare with Figure 365. Do you think that 
the room is lighted adequately? 

2. Make a drawing that will show why frosted electric lamps 
give a softer light than bulbs made of plain glass. Explain. 
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Problem 4; 

HOW DO WE USE LENSES? 

W HAT HAPPENS TO LIGHT WHEN IT PASSES THROUGH 
A LENS? Do you know that you are using lenses right 
now? You need not look for them, because you cannot see 
them. They are in your eyes. Without them you could 
not read this book. If the lenses in your eyes are not work- 
ing right, you probably have a pair of lenses balanced on 
your nose. You have seen lenses used for other purposes. 
The simple microscope, or magnifying-glass, that makes 
small objects look larger than they really are is a lens. 
The compound microscope that makes it possible to see 
objects too small to see with the naked eye contains 
lenses. So do telescopes and field-glasses. Movie projec- 
tors use them. The pictures on the motion-picture film 
are only about the size of a postage stamp, but lenses 
make them cover a large screen many feet away. 

If you examine the lenses in these different instruments, 
you will find that they are <all alike in one way: they are 
merely pieces of curved glass. They differ only in the way 
the glass is curved. Different effects are obtained by vary- 
ing the shapes of the lenses and by grouping them in 
certain ways. If you will try the following experiment, 
you will find out something about lenses that you probably 
do not know. 



Fig. 369. An X-ray photograph of the patli of the light through the 
lenses of a telescope (Bausch and Lomb photo) 




Expp:rimp:nt 37. How Can 
a JLens Be Used to Project a 
Picture of the Out-of -Doors? 

Choose a bright sunny day. 

Get a convex lens; that is, a 
lens that is thicker in the 
middle than it is at the edges. 

Hold the lens in front of a 
window. Then hold a piece 
of white cardboard behind 
the lens at a distance of two 
or three feet. Bring the card- 
board closer and closer to the 
lens. Watch what happens. Do 
you see the window and the 
scene out-of-doors? Is the Ficj. 870. Apparatus for Exper. 37 
image (picture) you see right 

side up or upside down? When the image can be seen most 
distinctly, we say that the lens is focused. 

This simple experiment sliows^ you what a lens can do 
to light. You have a lens in your eye. It forms pictures 
on the back of your eye. There is also a lens in a camera. 
It forms a picture on a sensitive plate or film in the 
camera. You will learn more about how the eye and the 
camera work later in this unit. Before you can understand 
what happens to light as it passes through a lens, you will 
need to do another experiment to get some more facts 
about lenses and light. 

Experiment 38. How Do Lenses Affect Rays of Light? (a) 
Obtain a reading glass (a double convex lens). Darken the 
room and light a candle. Hold the lens a foot in front of the 
candle (Figure 371) and then hold a piece of paper back of the 
lens where a distinct image of the candle appears on the patper. 
The candle is then said to be in focus. In what way is the image 
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Fig. 371. Apparatus for Experiment 38 

of the candle different from the candle? Measure the distance 
from the lens to the paper. 

b) Now repeat part a, moving the candle two feet from the 
lens. Move the paper so that the candle will be in focus. Did 
you move the paper nearer to or farther away from the lens? 

c) Repeat part a of the experiment, using a lens that is either 
more convex or less convex than the first lens. Which lens 
brings rays to a focus in the shorter distance? 

First of all, we must explain why the lens forms an 
image of the candle on the screen. A diagram will make 
this clear (Figure 371). We will let lines represent rays 
of light from the candle. First we will draw line A from 
the top of the candle flame to the lens. We see by our 
drawing that the top of the candle comes to a focus on 
the bottom of the image. Therefore we must draw line 
A so that it will come to a focus at this point. The con- 
tinuation of line A will therefore be bent downward. 
This bending of the light is called refraction. We say that 
the ray is refracted. 

The ray of light, B, that passes through the center of 
the lens goes through without bending and intersects line 
A on the screen. The point at which these two lines 
intersect is the focus. All other rays of light that strike 
the lens from the tip of the candle are bent to come to a 
focus at the same place. Therefore a bright spot appears 
on the screen at that point. Light from each other part 
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of the candle acts the same way and is focvised at the 
right point on the screen. All this light forms the image 
on the screen. 

Oiir drawing shows us that rays of light are refracted, 
or bent, by a convex lens. That is the reason why the lens 
can form an image. You have seen that rays of light can 
be refracted when you used a burning glass. In this case 
the rays of sun that strike the glass are bent so that they 
come to a focus at a certain x>oint (Figure S72). Tlie rays 
are bent as they pass from the air through tlie lens be- 
cause light travels more slowly in glass than in air. Just 
how this bends the rays, you will find out later if you 
study about the theories of light in physics. You also 
found in the experiment that the farther away the candle 
was from tlie lens, the closer the focus was to the lens. Of 
course the reverse is true also. 

You can see now why you must focus your (camera to 
get a good picture. The camera lias a lens, and the rays 
of light are brought to a focus on the plate or film (Figure 
J74). To take a picture of someone, you stand far enough 
away so that you can see the jierson in the view-findc^r. 
The view-finder shows you just what will be visible in 



Fig. 372. This drawing shows the Fig. 373. Which way would you 
focusing of light rays that pass move the lens to make the light 
through a convex lens. rays focus on the screen? 




l^ia, 374. How the lens of a camera makes an image on the film 

your picture. Before you tfike the picture, however, you 
must be certain that the rays will come to a focus on the 
film. You first estimate the distance^ then you set your 
lens for this distance by moving it in or out. A scale on 
the camera shows you the correct place to set it. Many 
people think that they have the camera in focus if they 
see a person in the view-finder. The view-finder, however, 
has nothing to do with the focus. It merely shows you 
what you will see in your finished picture. The correct 
focus is obtained by moving the lens in or out. 

You also found in our experiment that the thicker the 
center of the lens, the more it bent the light rays. In 
other words, the more convex the lens, the closer the 
focus will be. You will see later how this idea helps you 
understand how the lenses in your -eyes work (Figure 376). 

So far we have been discussing what happens to light 
as it passes through a convex lens. You have seen that 
the rays from any point are bent so that they come to- 
gether at a point (focus) behind the lens. If you use a 
concave lens, the effect is just the opposite (Figure 375). 
The rays are bent out rather than bent in. As you can 
see, such rays cannot come to a focus; therefore a concave 
lens cannot be used to throw an image on a screen. You 
will see later how some concave lenses are used. 
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Self-Testing Exercises 


1. What is meant by the term ‘‘focus?” 

In what ways does the image projected on a screen by a 
convex lens differ from the object itself? 

3. When an object is moved closer to a lens, how must the 
screen be moved to put it at the new focus? 

4. When an object is moved farther away from a lens, what 
must be done to the screen to have it at the new focus? 

5 . How is a camera focused correctly? 

6. Suppose that you have two convex lenses, one of which 


is more convex than the 
other. Which one would you 
use to bring the rays to a 
focus at the shortest distance 
from the lens? 

7. Why is it impossible for 
you to bring the light rays to 
a focus with the use of a con- 
cave lens? 



Fig. 375. How light rays are 
affected by a concave lens 


Problems to Solve 

1 . How would you perform an experiment to discover which 
of two convex lenses is the more convex? 

2 . Remove the back of a camera. Place a piece of glazed 
paper over the back. Point the camera at some object and then 
move the lens back and forth until the image is focused on the 
paper. This will show you why the correct focus must be made 
in a camera to get a good picture. 

3. Why can a convex lens be used as a burning glass, while 
a concave* lens cannot be so used? 

4. Examine a view-finder on a camera. Find out how it 
works. 

5. Fill a small, flat bottle with water. See if you can make 
it act like a lens. Do the same with a spherical glass flask, or 
use two watch crystals fastened together with adhesive tape 
and filled with water. 
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H OW DO WE SEE? You already know that the eye has a 
lens. It works just like any other double-convex lens. 
Rays of light are bent and brought to a focus on a thin 
coat, called the retina (Figure 376), which lines the inside 
of the eyeball. Perhaps you wonder if the images formed 
on the retina are upside down. Yes, they are. Our brain, 
however, interprets these images to be what they really 

are. So we actually see things 
as they should be. 

An American psychologist 
once had a pair of glasses 
made that would turn the 
images in his eyes right-side- 
up. When he put them on, a 
ceiling light looked as if it 
were on the floor. A flight of 
stairs leading upward looked 
as if they were leading down- 
ward. For a few days he liad 
a terrible time bumping into 
things and adjusting his hab- 
its to this change. Soon, however, he became adjusted. 
Things seemed to be where they should be. What do you 
suppose happened when he took off the glasses? The 
world was topsy-turvy again. So he had to learn all over. 
We do not know how the brain interprets things, but 
this experiment shows that it does. We see things right 
side up, even if their images are upside down in our eyes. 

If you will hold a pencil in front of your eyes and focus 
your eyes upon it, you will get a clear picture of the pencil ; 
but you will notice that objects in the background are 
not clearly defined. Now if you will look beyond the pencil 
to something in the background, you will see that these 
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objects are quite clear, but that your pencil is not. Your 
eyes cannot bring two objects at different distances from 
your eyes in focus at the same time. This you would 
expect, because Experiment 38 showed you that objects 
which are at different distances from a lens are brought 
to a focus at different distances behind the lens. 

This brings us to the question, How can the lens in the 
eye bring objects at different distances into focus? If you 
will look at Figure 376, you will see that the lens in the 
eye is attached at the edge with fibers. At the outer ends 
of the fibers is a muscle in the form of a circle all the way 
around the inside of the eyeball. The lens itself is made 
of a somewhat flexible material that can change its 
shape. The muscle is attached in such a way that the 
pull on the fibers to the lens can be changed. When the 
muscle is relaxed, or loose, the eyeball tends to pull out 
on the fibers and make the lens flatter and less convex. 
When the muscle contracts, the fibers are loosened and 
the lens becomes thicker in the center, or more convex. 

Experiment 38 showed you what happens when lenses 
of different curvatures are used. The more convex a lens 
is, the shorter the focus. The less convex the lens, the 
longer the focus. Now let us see what happens to the lens 
when you look at an object close to your eyes. The closer 
the object is, the farther back the light will be focused. 
This may be so far back that the eyeball will not be long 
enough. How can the image be brought to a focus on the 
retina? To bring it to a focus on the retina, the circular 
muscle contracts and loosens the fibers that hold the lens. 
Then the lens becomes more convex. This bends the rays 
more, so that they focus on the retina. If the object is 
farther away, the muscle relaxes and allows the fibers to 
pull on the lens, which makes it become less convex. 




Fig. 377. How the light rays focus in a far-sighted eye. The letter 
“F” is at the point where the images are brought to a focus. 


Our eyes thus bring images to a focus on the retina by 
changing the convexity of the lens. 

Unfortunately, our eyes are not always constructed so 
that a correct focus can be obtained. Some people are far- 
sighted; that is, they can see distant objects clearly, but 
not objects that are close at hand. This means that the 
lens does not focus the light properly. It tends to focus 
too far from the lens (at F in the far-sighted eye. Figure 
377). Sometimes this is caused by the shortness of the 
eyeball. At other times it is caused by the inability of the 
lens to adjust itself to near objects. 

When one gets older, the lens often loses some of its 
elasticity, so that it cannot become as convex as it once 
did. To correct far-sightedness, we wear slightly convex 
glasses. These convex glasses help to bend the light rays 
in, so that they will come to a correct focus closer to the 
lens. Thus the image of near objects on the retina is 
distinct. Since people’s eyes differ greatly, glasses should 
be fitted only by experts. 
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Fig. S78. How the light rays act in a near-sighted eye 

The opposite of far-sightedness is near-sightedness 
(Figure 378). This is caused by conditions that are just 
opposite to those we have named for far-sightedness. The 
eye bends the light rays too much, or the eyeball is too 
long. The light rays tend to focus in front of the retina, 
and the image of a distant object is blurred on the retina. 
To correct near-siglitedness, slightly concave glasses are 
used. 

Some people have what is called astigmatism. This may 
happen when the eyeball is curved somewhat like an egg 
instead of being spherical. In such eyes lines that run in 
one direction are seen quite distinctly, while those that 
run in the other direction are blurred. Eye-glasses with 
lenses that are specially ground can be made to correct 
this defect. 

Since your eyes are so important to you, you must take 
good care of them. First, you should be sure that you do 
not need glasses. If you find it diflScult to read what your 
teacher puts on the board, or if the writing appears 
blurred, you may need glasses. For most people a distance 
of about twenty inches from the eyes is best to get a clear 
vision of the printed page. If you have to hold your book 
much farther away or much closer to your eyes, you may 
be far-sighted or near-sighted. Headaches are often 
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Fig. 379. With cliff Uvsed light coming Fig. .380. Here there is u 
from the tall, well-shaded lamp, thc^ glare of light on the hook, 
boy can see easily and study his lessons and some light shinc;s di- 
without eyestrain. rcctly into the hoy’s eyes. 

caused by defective eyes, too. If your school does not 
have an instrument for testing your eyes, you should go 
to an expert in this kind of work. 

Perhaps you liave noticed that your eyes get tired when 
you read for a long time or do other kinds of close work. 
When you are reading, the circular muscles around the 
lenses of your eyes are contracted. After a long time they 
become fatigued. To avoid this, it is a good practice to 
look away occasionally and focus your eyes upon some 
distant object. Too much light or too little light will also 
cause eyestrain. Figure S79 shows a good way to light a 
desk. Notice that light does not shine directly from the 
lamp into the eyes of the boy. L)irec;t sunlight on a paper 
or a book is especially hard on the eyes of most people. 

Self-Testing Exercises 

1. What method of focusing is used by the eye? 

2. What conditions bring about near-sightedness? How is 
near-sightedness corrected ? 

3. What conditions bring about f ar-sightetlne.ss ? How is far- 
sightedness corrected? 

4. Why is it often impos.sihle for older people to see near 
objects clearly? 

5. State three things you can do to avoid eyestrain. 
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Fig. 381. How light rays travel Fig. 38^. How light rays travel 
through a simple magnifier through a compound microset »pe 


Problems to Solve 

1. Devise an experiment to find out if tht^ glasses that you 
or some friend wears are convex or concave. What does this 
show about the kind of defect of the eye.^ Find out if both eyes 
are defective, or only one eye. 

2. Find out what bifocal lenses in glasses are and why they 
are used. 

3. When you change from looking at the blackboard to 
looking at a book, what change takes place in the lenses of 
your eyes? 

H OW ARE LENSES USED IN OPTIC^AL INSTRUMENTS? To 
explain why microscopes magnify and telescopes and 
field-glasses make objects look nearer is too difficult to 
explain here. We can, however, explain how they are 
constructed and tell a little about how they operate. 

First, let us examine a hand magnifier. It has a double- 
convex lens. If it is held close to an object, the object 
appears larger. If you study Figure 381, you can see how 
the light rays are bent. The rays are bent in when they 
pass through the lens. But our eyes see the rays as straight 
lines; therefore what we see is shown by the broken lines. 
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Fig. 383 . Try to explain how the light travels through the binoculars. 
Where are the lenses in these binoculars? Where do you think the 
prisms are? (Bausch and Lomb photo) 

In compound microscopes there are two lenses. Tight 
from the object passes through the objective lens and comes 
to a focus at CD (Figure 382). There is no screen there, 
but if one were put in, you could see the image just as 
you did in Experiment 38. The eyepiece then magnifies 
this image just as it does in the simple microscope. 

Telescopes also use two lenses. Light passes through 
the objective and comes to a focus at CD (Figure 384). 
This image is then magnified by the eyepiece, as in the 
simple microscope. The lenses are mounted in a sliding, 
or telescoping, tube so that the image can be brought 
into correct focus for objects at different distances. The 
image is inverted, and for this reason you see the object 
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Fig. 384 . How the lenses are arranged in a telescope 
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Jf*iG. 385. Diagram of a motion-i>icture projector 

upside down. Some telescopes have another lens that 
makes the image right-side-up. 

Some field-glasses and opera -glasses use a combination 
of lenses and prisms. A prism is a triangular-shaped piece 
of glass. The combination of prisms used is known as a 
reversing prism. In such a prism the light is reflected four 
times. These reflections turn the image right-side-up 
(Figure 383 ). This kind of field-glass is very compact. By 
the use of prisms field-glasses have a magnification equal 
to a telescope that is three times as long. 

Motion-picture machines also have a combination of 
lenses to project a picture on a screen. First of all, a 
powerful arc light or an electric bulb is used to supply the 
light. This light is concentrated on the film by a convex 
lens. On the film are countless separate pictures, each of 
which is about one inch long and about three-fourths of 
an inch high. In front of the film is a lens that forms an 
enlarged image on the screen. An electric motor is used 
to draw the film along at the rate of about sixteen pic- 
tures per second. 

As each picture appears in front of the light, it stops 
for about one thirty -second of a second. While the picture 
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is still in front of the light, a shutter opens and allows 
light to pass through the picture. When the film starts to 
move again, the shutter is closed so that no light can pass 
through the picture. Then the shutter opens, another 
picture is seen, and so on. 

What you really see, therefore, is sixteen still pictures 
per second. The pictures are shown so quickly that it 
appears as if the figures were moving. Actually, of course, 
the figures are not moving. Our eyes cannot instantly 
"‘forget’’ what they see. Each image leaves a picture on 
the retina for a fraction of a second. Before one image 
has faded from the retina, another is formed. As a result, 
each picture blends with the next, and you get the effect 
of continuous movement. 

Self -Testing Exercises 

1 . Make a drawing showing how a simple microscope makes 
a pin look larger. Use Figure 381 as a guide to follow. 

Make a drawing showing how a compound microscoptt 
makes a pin look larger. Use Figure 382 as a guide to follow. 

3. Explain how a motion-picture projector works. 

Problems to Solve 

1 . Explain why motion pictures flicker if the film is run too 
slowly. 

2. If a motion-picture projector produces a picture that is 
too large for the screen, should the projector be moved nearer 
to or farther from the screen.'^ 

3. Olives look much larger in the bottle than they do when 
out of the bottle. Explain. 

4. Prove that a motion-picture .screen is not lighted all the 
time. To do this, move your hand back and forth rapidly 
before your eyes while you are watching a movie. What do 
you notice? Explain. 

5. Learn how slow-motion moving pictures are made. 
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Problotn 5: 

WHY ARE OBJECTS OF DIFFERENT 
COLORS? 

B efobe you try to answer this 
problem, recall some of the 
experiences you have had in order 
to find some facts about color. 

Did you ever notice that a soap 
bubble has many different colors? 

You have probably seen these 
same colors reflected from oil on 
tJie pavement, or you may have 
seen them in a flaw in window 
Can you exi^hiin how these 
colors are produced? 

Perhaps you have noticed that 
things appear to be different in 
color under artificial light and in 
sunlight. If you choose a tie or 
dress under artificial light, you 
may be surprised to find that it 
looks quite different in the day- 
light. Curious things happen when 
you look at different colors under 
different colored lights. White 
paper looks white in the sunlight. 

If you throw a red light on it, it 
appears re<l; in a green light it 
looks green. A red dress in a blue light appears black. 
A blue dress appears black under a red light. Those facts 
raise an interesting question: **Why <lo objects not always 
have the same color?’^ To answer the question, yoii will 
need to find out more about light. 



Flo. S80. TTew a prism 
Ijeiifis light rays (Photo 
from Nature Moifazine) 


Fig. 387. How a prism sep- Fk;. 38S. How a reading glass mixes 
arates the rays of light the colored rays to make white again 

Experiment 39. What Colortt Does Sunlight Contain? Pull 
down the shade of a window so that only a narrow beam of 
sunlight can enter the room. Darken the rest of the room. 
Hold a glass prism in this beam of sunlight and put a white 
cardboard behind it (Figure 387). What do you see? 

The band of colors that you see is called the spectrum, 
A spectrum consists of seven colors, red, orange, yellow, 
green, blue, indigo, and violet, that blend gradually into 
each other. These are the same colors that you see in the 
rainbow. If a reading glass is held in just the right place 
in the path of the rays that pass from the prism, the 
colors will disappear, and only a white spot will be seen 
on the screen (Figure 388). By now you are probably 
curious as to where these colors come from. They come 
from the white light of the sun. White light is really a 
mixture of these seven colors. The prism separates the 
complex white light into the different colors of which 
it is made. 

Light is believed to travel in waves. These waves are 
somewhat like the waves of the ocean that you may have 
seen rolling into shore. Some of the waves are long; that 
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is, the distance between the crests of two waves is long. 
Other waves are short. In a like manner, each kind of color 
light has its own wave length. The wave length of red 
is .000028 inches. The wave length of violet is .000016 
inches. If you will look at the colors made by the prism 
again, you will see that red is at one end of the spectrum, 
and violet is at the other end. The wave lengths of the 
other colors are in between the wave lengths of the red 
and the violet. 

You know already that light waves are bent where they 
pass into glass. Different kinds of light waves (colors) are 
bent differently. The shortest light waves are bent more 
than the longer light waves. You can see, therefore, that 
violet light will be bent more than the red light. Since 
each kind of light wave is bent differently, the result will 
be bands of the different colors on the screen (Figure 387). 
Did it surprise you to learn that white sunlight is really 
a mixture of all the colors of the rainbow? You saw, how- 
ever, that the colors could be mixed again to produce white 
light when a reading glass was held behind the prism. 

As yet, we have not explained why objects differ in 
color. A white paper is white because it reflects all of the 
colors in sunlight equally. None of the colors is removed 
from the light; so the light that is reflected to our eyes is 
white light. A dress appears green because the dye in the 
dress absorbs all of the colors in the sunlight excepting 
green. The green is reflected to your eye; thus you see 
the dress as green. If a green dress is held in red light, 
it looks black. The green dye can reflect only green, and 
unless the dress is held in some light that has green in it, 
the dress cannot appear green. 

You can see, therefore, why objects are colored. They 
have a certain color because they take out or absorb all 
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Fig. 389. How rays of light are reflected from different kinds of mate- 
rials to show color 

the other colors in white light. If they absorb all colors, 
then they are black (Figure 389). If they reflect all colors, 
they are white. 

It is not quite correct to say that a green paint will 
absorb violet, indigo, yellow, orange, and red, and reflect 
only green. Most of the dyes and pigments that we use 
in paint are not true spedral colors; that is, they are im- 
pure colors. For example, a yellow paint usually reflects 
some green as well as yellow. More yellow than green is 
reflected; so it appears to be all yellow. A blue paint will 
also reflect some green. When yellow paint and blue paint 
are mixed, the resulting color is green. Let us see why. 
The yellow paint will absorb blue light, and the blue paint 
will absorb yellow light. Since the green light is not ab- 
sorbed by either paint, it is reflected, and we see the 
paint as green. 

Colors usually appear different under artificial lights 
from what they do in sunlight because artificial lights 
have less blue in them. As a result, blue looks very dark 
under artificial light. This is true because there is less 
blue to be reflected. Artificial lights have more red in 
them than sunlight. Red, therefore, looks much brighter 
because there is much red to be reflected. Many clothing 
stores have what they call daylight lamps to help their 
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customers in selectin^^ colors. These lamps supply an 
artificial light that is much the same as sunlight. 

Perhaps our most gorgeous display of color is provided 
by the rainbow. You can make an artificial rainbow if 
you will adjust the hose to make a fine spray of water. 
Spray the water away from the sun and stand with your 
back to the sun. Early morning or late in the afternoon 
is the best time. The colors are produced by the tiny drops 
of water in the same way that the colors are produced by 
the prism. The colors of the sunset are produced because 
particles in the air absorb most of the blue light rays, 
leaving the red and yellow to be reflected from the clouds. 

Self -Testing Exercises 

1. Describe an extierimeiit to prove that white light is really 
a mixture of many colors. 

2. Why does a prism separate white light into the different 
colors? 

3. What determines what color an object will be? 

4. A white dress will appear red in a red light and blue in a 
blue light. Explain. 

5 . Why do objects appear a different color under artificial 
light than they do in daylight? 

Problems to Solve 

1. If a black object absorbs all of the rays of light that it 
receives, how can we see it? 

2. Why can you often see colors in a diamond or in a cut- 
glass dish? 

3. Find out how colored motion pictures are taken. 

4. How do drops of water make a rainbow? Read the ex- 
planation in a physics book. 

5. Study Figures 386 and 387. Explain how the glass in 
Figure 338 can show what is on the other side of the hill and 
yet not be a mirror. 
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LOOKING BACK AT UNIT 7 


1. Write a list of what you consider to be the most important 


ideas in this unit. 

What questions were answered in this unit that you 


wanted answered? 

3. Show that you 
luminous material 
trans'parent mate- 
rial 

diffused light 
focus 

indirect lighting 

image 

retina 

near-sightedness 


know the meaning 
reflected light 
angle of incidence 
regularly reflected 
light 

direct lighting 
convex mirror 
convex lens 
astigmatism 
spectrum 


the following terms: 
opaque material 
translucent ma- 
terial 

angle of reflection 
foot-candle 
semi-direct lighting 
concave mirror 
concave lens 
f ar-sightedness 


ADDITIONAL EXERCISES 

1 . A yardstick held in a vertical position has a shadow eight 
inches long. A tree at the same time has a shadow ten feet long. 
How can you find out the height of the tree? 

Examine a camera. Find out the purposes of the different 
adjustments. Make a report to the class. 

3. Make a pinhole camera. Cut out one end of a pasteboard 
box and paste a piece of white tissue paper or tracing paper 
over this end. Bore a tiny hole, like a pinhole, in the center of 
the other end of the box. Set the box with the pinhole facing 
an open window. Throw a dark cloth over your head so that 
no light can get to your eyes except that which comes through 
the pinhole. What do you see on the tracing paper? 

4. Suppose that you saw a fish in the water. If you threw a 
rock at the fish, how would you aim the rock? Explain. 

5. Find out what a rapid or fast lens of a camera is, and how 
it is different from a slow lens. 



Fig. 390. From this queer-looking “bedspring” aerial on a hilltop in 
New Jersey a radar beam was directed at the moon January 10, 1946. 
Less than two and one-half seconds later sensitive instruments re- 
ceived a response. Traveling at a speed of 186,000 miles a second, 
radar waves hit the moon and bounced back to earth like an echo. 
They made the round trip of 470,000 miles faster than you can read 
about it. Radar, developed from radio, is one of the newest means of 
communication. Before scientists could work out modern methods of 
communication, they had to study sound. Then they had to discover 
how to change the energy of sound into electrical energy. (U.S. Army 
Signal Corps photo) 
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UNIT 8 

HOW DO WE USE ELECTRICAL CURRENT? 


INTRODUCTORY EXERCISES 

*1. How does an electric flashlight produce light? Ex- 
plain briefly how the electrical energy is changed to light 
energy. 

2. What is inside an electric iron to make it get hot? 
Draw a diagram that shows how the wires are connected 
to the heating part. 

3. What is a watt? A kilowatt? 

4. Tvirn to Figure 408, page 454. Read the dial of the 
electric meter shown there. What number does it show? 
What units are indicated? 

5. Explain why an electric bell rings when a button 
is pressed. 

6. Make as long a list as you can of the different uses 
of electromagnets. Mark with a star the devices in which 
you have actually seen the magnet. Mark with two stars 
the ones you have used. 

7. Explain briefly how an electric motor works. 

8. What apparatus would you need to put a coating of 
silver on a brass spoon? Make a simple diagram to show 
how you would arrange the apparatus. 

9. Most electric trains are provided with a rectangular 
box, called a transformer, from wliich wires go to an elec- 
trical “outlet” and to the track. What is inside the trans- 
former case? What does it do? 

10. Where in a telephone could you find a microphone? 
An electromagnet? What does each one do? 

11. (a) Why does a radio set need “tuning”? (b) Why 
do most radio sets need an aerial? (c) Why does a radio 
set need an electrical current? 
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FiGi 391 • IVhcn the sun ^ocs down* itiillioiis of electric li^ht“hull)s 
throughout our land begin to glow so that we can more fully enjoy 
the evening hours, 

LOOKING AHEAD TO UNIT 8 

I N A FANCIFUL story Written centuries ago, Aladdin had 
only to rub his magic lamp to make a genie appear 
and carry out his wishes. Such stories have always been 
interesting, even though no one really believed they were 
possible. Yet, within the last hundred years the discov- 
eries of scientists and inventors have put at our command 
a servant as powerful and mysterious as Aladdin’s genie. 
In homes, factories, autos, and trains we need only to 
push a button to have almost unlimited energy obey our 
wishes. As you have already guessed, this servant is 
energy in the form of electric current. 

The things electricity does for us make a long list. You 
have seen it at work in many ways. It floods our homes 
and streets with light during the night; it runs our ma- 
chines, taking the place of much hard work and of clumsy 
steam engines; it keeps our food cool in one corner of the 
kitchen while it heats an iron in another corner; it sweeps 
the carpets and ventilates our rooms; it charges storage 
batteries, gives our metal-ware a covering of silver or 
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Fi(i. SO’si. ’'Phis X-ray machine, wlii<*h cannot be operated without 
electricity, takes a photograph that shows any hidden weak spots in 
the metal. (Westinghonse photo) 

chroiiiiuiii, and produces chlorine to purify our drinking 
water. It brings us the voices of our friends, from across 
the ocean, if necessary; and more like a genie tlian ever, 
it catches mysterious messages from the air to fill our 
homes with music and to bring us the latest news. 

Just to list all the things that electricity does may make 
it seem very mysterious to you. You may feel that it is 
much too strange and difficult for you to learn how elec- 
tricity works in the many electrical devices that are all 
about you. PTowever, in Unit 5 you learned that there 
are really only two important ways of producing elec- 
trical current. In the same way, when you begin to study 
how electricity works for you, you find that an electrical 
current can do only about four or five really different 
things. When you understand these few things, you can 
understand the uses of electricity reasonably well. 

Wliat are the important effects of an electrical current 
that we use? How does it make a motor turn? How can it 
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Fig. 393. Here the heat from electric bulbs is being used to dry paint. 
BVeshly painted objects are placed on a moving belt that slowly 
passes beneath the bulbs. (Westinghouse photo) 

heat an iron and cool a refrigerator? How does a telephone 
carry the sound of a person’s voice? How does a radio 
catch messages from the air? What is television? What is a 
transformer? How can an induction coil make terrible 
shocks from a harmless dry cell? Why does an electric 
clock keep time? In this unit you will find answers to the«e 
questions and to many others. 

Problem 1 : 

HOW DO WE GET HEAT AND LIGHT FROM ELECTRICAL CURRENT? 

H OW no KLKCTlilOAL HKATlN(i lIKVKUiiS WOKK? Of all the 
things operated by electricity, we are most familiar 
with those that produce heat. From some electrical devices 
we want light, but to get light we also make heat. Ordinary 
electric light-bulbs, irons, toasters, stoves, heating pads, 
arc lights, and electric furnaces all produce heat. They 
help us because they change electrical energy into heat. 
Let us first find out how irons ami toasters work. 

As you probably know already, every common lieating 
device contains some kind of wire that becomes red-hot 
when the current is turned on. Why is it that the wires 
in these devices get red-hot, while the wires in the con- 
necting cords do not? 


435 



Fig. 394. Apparatus to show how electricity heats a wire 

Experiment 40. Under What Conditions Will a Dry Cell 
Heat a Wire Red-Hot? Stretch a i)ioce of fine (No. 30) bare 
copper wire two feet long between two nails driven in a board. 
Attach two pieces of larger insulated copper wire (at least 
No. 18) two feet long to the binding posts of a dry cell (Figure 
394). Be sure the ends are scraped clean. Press the free and 
bare ends of the two insulated wires against the small wire 
near the ends. Have someone test the temperature of the small 
wire with his fingers. 

Gradually slide the large copper wires closer together along 
the small wire. Notice that the small wire soon becomes hot 
where the electricity is flowing through it. After it becomes too 
hot to hold, continue to move the ends toward each other. Hoes 
the small wire become red-hot.?* Do the insidated wires become 
hot at all? Can you explain the difference? 

To explain this you need to know a little about elec- 
trical resistance. In Unit 5 (page 279) you learned that 
every electric current heats its conductor. In all con- 
ductors the current meets a kind of electrical friction that 
is called resistance. Like all other friction, this resistance 
changes part of the energy into heat. Fortunately the 
heat produced in an inch of wire is usually so small that 
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we do not notice it. However, you found in your experi- 
ment that you could heat a small wire red-hot if you made 
it short enough. While the small wire became red-hot, 
the larger wires were slightly warm. The same current 
was flowing in both wires. Why did it heat one wire more 
than the other? 

To understand this problem you need to know which 
wire has the more electrical friction or resistance per inch. 
In other words, is it harder for the electricity to get 
through an inch of small wire or an inch of large wire of the 
same material? Clearly, it is harder to get through a small 
wire; that is, the small wire has a greater resistance per 
inch. Therefore, a given electrical current makes more 
heat where the resistance is great than where it is small; 
so the small wire became hotter than the large wire. 

But there is another problem to solve. Why did the 
small wire not get red-hot when the current went through 
a long piece of it? You can answer this question for your- 
self if you will think carefidly. If the electrical pressure is 
kept the same, will more electricity flow through a long 
wire or through a short one of the same diameter? Through 
a short one, of course. The longer the wire, the more 
resistance there is. The resistance or electrical friction in 
the longer wire therefore allows less electricity to get 
through. When less electricity is flowing, less heat is made 
in each inch of wire. As you slid the two larger wires 
together, more and more electricity flowed through the 
small wire, until there was enough to heat it red-hot. 

From this experiment you can remember three im- 
portant facts: (1) When the same amount of electricity 
is flowing through several wires, the one with the most 
resistance will be heated most. (2) When much electricity 
is flowing through a wire, the wire is heated more than 



Fia. 395. Four common electrical heating devices are shown in this 
picture: a heater, a toaster, a heating pad, and an iron. The electric 
fan helps keep us cool, and the electric clock tells us the time of day. 

when only a little is flowing. (A current twice as large 
as another really produces four times as much heat, while 
the same current passing through a resistance twice as 
large as another produces only twice as much heat.) 
(3) For each electrical situation there is a certain lengtli 
of wire that will become red-hot or white-hot. 

From these facts you can see how a designer goes about 
making a successful toaster, iron, or electric stove. He 
must first choose a suitable kind of wire for the electricity 
to lieat. As you have seen, this wire .should have a “high” 
resistance, so that for a current of given amount it will 
change much electric energy into heat. Different kinds of 
wire have different resistances, even though they are the 
same lengths and diameters. Table 2 gives the resistance 
of several metals and alloys (mixtures of metals) compared 
with silver. Silver has less resistance than any other com- 
mon metal, although copper and aluminum are also very 
good conductors. 

The wire chosen for heating must also have a high 
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Fig. 396. The heating clement in Fig. 397. The heating clement in 
an electric toaster an electric iron 

TABLE 2. Electrical Resistance of Some Common Metals 


Compared with Silver 


Metallic Elements 

Alloys Used in 

Electrical Devices 

Silver . 

. . 1.00 

Manganiii 

27.67 


. 1.11 

Con.stantin . 

30.82 

Aluminum 

. . 1.78 

Nichrorne 

62.89 

Tungsten 

. . 3.52 



Iron (soft) . 

. 6.29 



Platinum 

. 6.29 



Mercury 

. .60.24 




melting point. This means that it must not melt when it 
gets very hot. Furthermore, it must not oxidize rapidly 
when it is heated. Some substances, like iron, would unite 
quickly with the oxygen of the air and break. The metals 
usually selected for “heating elements” are alloys of 
metals that have the right characteristics. When the de- 
signer has found a conductor with a high resistance to 
electricity, to melting, and to oxidation, he must then 
choose the right size and length of wire. You found in 
your experiment that the iron wire became red-hot when 
the battery current flowed through a certain length of it. 
To make an electrical heating device, a certain size and 
length of wire must be chosen. This can be learned by 
experimenting, or the designer can consult a table that 
tells him what size and length to use. 

When he has the right length of heating wire, the 
designer coils it about some electrical insulator. The most 
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common insulators for this purpose are mica and porce- 
lain. Mica is a mineral that splits into thin, transparent 
and somewhat flexible sheets. Sometimes it is called 
‘‘isinglass.” Porcelain, as you know, is a kind of artificial 
stone made by baking clay. When the heating wire, or 
heating “element,” has been properly mounted on the 
insulating material, it is placed in the iron, toaster, or 
other heating device. Then the designer provides large 
insulated wires of some good conductor, like copper, to 
carry the electricity to the heating wire. When the current 
is turned on, the electrical current flows through the 
copper wires, but heats them very little. Wlien it reaches 
the high-resistance wire, much heat is produced. 

Self-Testing Exercises 

1. What is electrical resistance? 

2. Explain why the heating wire in an electric toaster be- 
comes much hotter than the copper wires that bring the elec- 
tricity to the toaster. 

3. State three characteristics of a good material for the 
heating elements of electric irons. 

4. A very small electric wire has a high resistance. Why 
could it not be used for heating an electric toaster? 

Problems to Solve 

1. A wire that is supposed to become red-hot does not do so 
when it is connected in an electrical circuit. State two changes 
that might be made to have the wire heat properly. 

Why do you think most wires and transmission lines for 
carrying electrical current are made of copper or aluminum? 

3. Examine as many electrical heating devices as you can to 
find out how the heating element (wire) is arranged in the space 
provided. What insulating materials are used in these devices? 

4. Can you buy wires to put in electric heaters and toasters? 
Inquire at electrical, hardware, and ten-cent stores. If you can 
find some, try to learn of what metal or alloy they are made. 
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H OW DO ELECTRIC BULBS PRODUCE LIGHT? Today we 
use electric light-bulbs of many sizes, from tiny 
flashlight bulbs to tJie huge globes that illuminate air- 
plane beacons and lighthouses. Some glow at an electrical 
pressure of only one or two volts. Others must have 6, 32, 
1 10, or more volts to give light, 
the principles you learned while 
you were studying about electric 
heaters. An ordinary light-bulb 
contains a wire that glows because 
it becomes white-hot, or incan- 
descent. These light-bulbs are 
called incandescent bulbs. To be 
successful, the wire in a bulb must 
have the right resistance, it must 
not melt, and it must not oxidize 
or burn. 

About sixty years ago (in 1880) 

Thomas Edison made the first 

successful incandescent light. For 

a wire, or fdarnent, he used a small 

thread of carbon. Carbon does not , . . 

..1 .. electric J amp 
melt or evaporate rapidly until it 

reaches a temperature above 5000° F. Thus it could be 
heated very hot without melting the filament. However, 
carbon burns rather easily. To prevent the filament from 
burning, Edison had it sealed inside a glass bulb. Then he 
pumped the air out and sent an electric current through 
wires connected to its ends. His plan worked, and manu- 
facturers of electric light-bulbs have been using this plan 
ever since. 

Edison’s carbon-filament lamps had a number of disad- 
vantages. The carbon filament used much electrical energy 




Fig. 399. At the right is an early kind of carbon-filament electric 
lamp. At the left are two modern tungsten-filament lamps, one of 
them with a frosted-glass bulb. (Westinghouse photo) 

to produce a little light. In fact, about 99 per cent of all 
the electrictd energy became heat instead of light. Thus, 
gradually the filament evaporated, and the carbon dark- 
ened the glass bulb. In spite of these disadvantages, 
carbon-filament light-bulbs were for thirty years the best 
that could be bought. 

Today the filaments of our light-bulbs are made of 
tungsten. Each tiny tungsten wire is formed into a very 
close siiring-like coil so that each turn of wire helps keep 
its neighbors hot. The glass bulbs are filled with the gas 
argon. Argon is a very inactive chemical element; that 
is, it does not combine easily with other substances. 
Therefore it does not change the tungsten. It is put into 
the bulb to keep the tungsten from evaporating as rapidly 
as it would in a vacuum. These improvements allow us to 
get seven times as much light from electricity as could be 
got with a carbon-filament bulb. But still we receive less 
than five per cent of the electrical energy in the form of 
light. Our light-bulbs are better heaters than ‘"lighters.” 

Our city streets are filled with color by lamps of still 
another kind. These lamps are in the form of tubes that 
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Fig. 400. This new kind of lamp, whicli has no filament, is called a 
fluorescent lami). The glass tubes glow when current flows through a 
gas they contain. The insides of the glass tubes are coated with special 
materials. These materials make such a lamp give much more illumi- 
nation for the same amount of current consumed by a filament lamp. 
Furthermore, when they are lighto<l, these fluorescent lamps are 
much cooler than filament lamps. (General Electric photo) 

glow with red, blue, or green light when electrical cur- 
rent passes through them. The tubes are bent into all 
sorts of shapes to make attractive signs. We commonly 
call them “neon” signs, because the red ones really con- 
tain the gas neon. These “tube” lamps have no filaments 
at all. They contain very small amounts of gas. A special 
electrical transformer sends electricity through the gases 
with a pressure of thousands of volts. The electrons, 
striking the molecules of gases, cause the molecules to 
give out light. Each different gas gives out its own color 
of light. Figure 400 shows a fluorescent lamp, which gives 
more light with less heat than an incandescent lamp. 

H ow DOES AN ELECTRIC ARC WORK? Havc you sccn or 
used one of the “sun lamps” that has two rods of 
carbon to make a very bright, “flaming” light? The light 
in a lamp of this kind is made by an electric arc. About 
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thirty years ago electric street lights were almost all arc 
lamps. Today electric arcs are used in sun lamps because 
they produce invisible ultra-violet rays. These ultra- 
violet rays are usefid in curing (pertain diseases, but some- 
times they are harmful. Klectric arcs are also used in 
large moving-picture projectors and in one kind of elec- 
tric furnace, called the arc furnace. 

To form an arc, each carbon rod is connected to an 
electric! wire, and the ends of the rods are touched together. 
When they become very hot, the rods are sepiirated a 
fraction of an inch. The electric current continues to 
flow across the gap between the two rods. It flows in the 
carbon vapor that is formed when the carbon becomes hot. 
This vapor and the ends of the rods are heated to a terrific 
temperature and give out a brilliant light. It is so bright 
that one’s eyes may be ruined by looking directly at the 
arc. To operate siudi a lamp an electrical pressure of fifty 
or more volts is usually needed. Arc lamps have clamps for 
holding the carbons and some kind of device for pushing 

the carbons closer together 
as they are used up. When 
connected to the ordinary 
house wiring, an arc lamp 
must also have a special 
device to prevent the ‘"blow- 
ing” of a fuse when the ends 
of the carbons are touched 
together. 

Electric-arc furnaces are 
used when unusually high 
temperatures are needed. 
Some very large ones are 
used to melt metal in steel 



Fk;. 40‘^. So intense are the light and heat from an eleetrie arc* that 
men who do electric welding must wear masks with dark-<?oIored 
glass in them. (IIc'drich-Hlessing Studio) 

mills. Ill this kind of furnace two or throe vovy large 
carbon rods reach down into the v(\ssel that contains 
the steel or into a small insulated sj>ac*e where some 
material is to be heated. Klectric arcs arc' also used for 
welding. One wire from the generator is attached to the 
metal to be welded. The other \yire goes to a. iiu'tal rod. 
The man who is doing the welding holds the rod in an 
insulated handle. lie also wears a mask witli a dark 
glass window to protect his eyes. He starts an arc by 
touching the end of the rod to the larger jiiece of metal. 
The intense heat melts the metal rod and also the nu'tal 
along the joint that is to be welded. As th(‘ metal melts, 
the welder allows it t<^ run into the joint and cool. Thus 
two pieces of metal are made into one by arc welding. 

Notice that most heating and lighting dc'-vices produce 
heat and light because of the high resistance of an elec- 
trical conductor. When enough current passes through 
such a conductor, much electrical energy is changed to 
heat energy. If the conductor becomes hot enough, it 
gives out light, too. 
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Self-Testing Exercises 

1. Draw a diagram to show how an incandescent light-bulb 
works. Show in your diagram the glass of the bulb, the filament, 
the connecting wires, and the vacuum or gas in the bulb. Label 
each part and tell what it does. 

2. (a) What material was used for the first successful in- 
candescent light-bulbs.^ (6) What material is used now? Why? 

3. What is the main disadvantage of the electric light-bulbs 
we use most commonly? 

4. Explain how a “neon sign” works. 

5. (a) Tell how an electric arc is produced, (h) Name three 
important uses of electric arcs. 

6. Must carbon rods be used for electric arcs? Wliy do you 
think your answer is correct? 

Problems to Solve 

1. Do you think the resistance of the gases in an electric 
arc is high or low? Give a reason for your answer. 

2. Get a “burned-out” light-bulb. With a pair of pliers or 
other tools remove the base of the bulb. Find the wires that 
connect the base with the filament. How are they insulated 
from each other? Where is the tube that was used to pump the 
air out of the bulb? Wrap the bulb in a piece of heavy cloth, 
and break it to get a piece of the filament. Is it straight or coiled? 

3. Read in reference books about one or more of the follow- 
ing: electric arc lamps, electric furnaces, Thomas A. Edison, 
electric lighting, electric heating, electric welding. 

Problem 2: 

HOW IS ELECTRICITY MEASURED? 

Y ou HAVE probably noticed that electricity flowing 
through wires acts much like water flowing through 
pipes. Like a water cm’rent in a pipe, any electrical current 
has a pressure that causes it to overcome the friction it 
meets as it passes through the conductor. It has also a 
certain rate of flow. And during any period of time, like a 




Fi«. 403. A voltmeter is always connected between two wires that 
carry the current. What is the voltage in each circuit shown? If you 
can explain these drawings fully, you understand electrical pressure. 


day or a month, vs^e use a certain amount of electrical 
energy just as we use a certain amount of water from a 
water-supply system. To understand the use of electrical 
current, you need to know a little about how electricity 
is measured, just as you understand how water is mea- 
sured. You need to know how we measure its pressure, 
its rate of flow, its power, and the amount of energy. When 
you know the electric al pressure and the rate c:>f flow, you 
can calculate the power and the amount of energy used. 
Therefore, you need to learn about pressure and rate first. 

H ow IS ELKCTUTOAn PRESSIJKE MEASURED? Foi* yOUr 
study of Unit 5, you needed to know a little about 
electrical pressure; so you became acquainted with the 
term volt, and you learned that the number of volts of 
electrical pressure tells how hard the electric current is 
being pushed into a wire. When you talk about water 
pressure, you speak of the number of pounds per square 
inch ; that is, you may say tlie water inside a pipe is push- 
ing against each square inch of the pipe with a force of 
forty pounds. In the same way the electricity in one wire 
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Fi(i. 404 . An aniiiieter is connected into only one wire of the circuit. 
How many amperes are passing through each of these circuits? 

of an ordinary house circuit may be trying to get across 
to the other wire with a force of 110 volts. 

The instruments that measure electrical pressure art* 
called voltmeters (“volt-measurers”). One kind of volt- 
meter has a small electromagnet on pivots between I he 
poles of a horseshoe magnet. When a little electrical cur- 
rent is sent through the electromagnet, the electromagnet 
turns a short tlistance, but is held back by a spring. As the 
electrical pressure bec*omes stronger, more current goes 
through the elec tromagnet, and it turns farther. A pointer 
tells how many volts of pressure are at work. A vc^ltmetcu* 
is always connected to the two wires between which the 
pressure is to be measured (Figure 403). 

H ow DO WK MEASURK THE AMOUNT OF rUliRENT THAT 
FLOWS THROUGH A (JiRcuTiT? In dealing with the flow 
of water we often need to know how much water is moving 
through a pipe or out of a faucet in a minute. When we 
have measured it, we say that the rate of flow is five gal- 
lons a minute, or in pumping water for a city it may be 
60 million gallons a day. We measure the rate of flow of 
electricity, or the ‘‘size” of the current, in airi'peres. 
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Just as in the case of the volt, scientists have a very 
exact definition of an ampere of current. It is really a cer- 
tain amount of electricity, a certain number of electrons, 
flowing through a wire in one second. But it will be better 
for you to remember that a ‘‘60-watt’’ light-bulb when 
lighted at a pressure of 110 volts has about .54 amperes 
of current flowing through it. A large electric iron requires 
about five ampeiTis of current to heat it. With electricity 
at a pressure of 110 volts, a one-horsepower motor uses 
about 6.8 amperes of current. 

The number of amperes flowing through an electrical 
circuit is measured by an mumeter (short for ampere 
meter). Probably the most common use of an ammeter 
is on the dash of an automobile to show whether the 
battery is charging or discharging. An ammeter is really 
made very much like a voltmeter, but it is connected to 
the wires in a different way. It is connected so that all the 
current that goes through the circaiit goes through the 
ammeter. That is, it is connected in series with the device 
using the current (Figure 404). ' 


Self-Testing Exercises 

1. Mnke a table like the one below and fill in the blanks. 


Water 

Electricity 

What Is 
Measured 

Units 

Whal Is 
Measured j 

Units 

Instruments 

Pressure 

Pounds per 
scpiare inch 




Rate of flow 





1 ■ 



2. (a) What is the usual electrical pressure in the wiring of 
a house.^ 

{h) State the approximate numlx'r of amperes of electric 
current used by at least two devices. 
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Fig. 405. Rheostats are used to 
regulate the speed of motors by 
regulating the strength of the 
current. This is done by increas- 
ing or decreasing the resistance 
in the circuit. The rheostat con- 
tains many coils of wire through 
which the current may flow. 
The greater the number of coils 
through which the current must 
flow, the less the current that can 
flow. By moving the arm of the 
rheostat to the right or left the 
current is made to pass through 
fewer or more of the coils of wire. 
Thus the resistance to the cur- 
increased, and the strength of the 
current is regulated. (Westiiighouse photo) 


Problems to Solve 

1. How do scientists define a volt? Look in an encyclopedia 
or physics book to find the answers to this problem. 

2. How do scientists define an ampere? 

3. Approximately how many amperes of current would be 
required by seven ordinary 100-watt incandescent lamps? 

4. A fuse in a house-lighting circuit will melt and break the 
circuit if more than 15 amperes of current flow through it. 
A boy in the house turns on one 100-watt bulb after another. 
How many will he have on when the fuse “blows” (melts) ? 

H OW CAN WE FIND THE NUMBER OF WATTS AN ELEC- 
TRIC ALi DEVICE USES? As you know, electric light- 
bulbs, irons, and toasters, as well as many other electrical 
devices, have on them certain numbers that tell where 
they can be used and how much energy they will use. 
In addition to the voltage of the wires to which they 
should be attached, lamps are labeled £5, 60, or 100 
watts. An electric iron is marked 575 watts; a waflBe iron, 
800. Just what do these labels mean? The number of watts 
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tells how fast an electrical device uses energy. If the 
device is a motor, the number of watts tells how fast it 
can do work. This is known as the power of the electrical 
current that is being used. 

What connection do watts have with volts and amperes? 
When scientists chose the different electrical units — volts, 
amperes, and watts — ^they planned a very convenient 
relationship between them. The number of watts an elec- 
tric iron uses is the number of volts of pressure multiplied 
by the amount of current that flows through it; that is, 

Watts = Volts X Amperes. 

If an iron uses 5 amperes of current at 110 volts of pres- 
sure, the electrical power it uses is 5X110, or 550 watts. 

When you know this relationship, you can use it to 
solve another kind of problem. For example, you know 
that a large light-bulb is labeled 300 watts. How many 
amperes of current flow through it when it is lighted? 
Remember that watts = volts X amperes, or 300=1 10 X 
the number of amperes. Divide 30O by 110, and you will 
find the number of amperes (2.7+ amperes). 

Self-Testing Exercises 

1. What is the difference between a 500-watt motor and a 
1000-watt motor? 

If you know the number of amperes and the voltage used 
by an electrical device, how can you find the amount of power 
required to operate it (in watts)? 

3. An arc lamp used 4.5 amperes of current at 110 volts. How 
much power did it use? 

Problems to Solve 

1. If you know the number of watts used by an iron and the 
voltage at which it works, how do you find the number of 
amperes that flow through the iron? 
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Find how many amperes are used by an 800- watt lamp 
at 110 volts. 

3. How many amperes are used by a 575-watt iron made to 
operate at 32 volts? At 110 volts? 

4. How many 60-watt light-bulbs can be lighted with the 
current needed for an electric iron? 

H OW DO WE MEASURE THE ELECTRICAL ENERGY WE 
BUY? Near the place where the electric wires enter 
a building, you can usually find an electrical instrument. 
If you ask someone about this instrument, they will tell 
you it is an electric meter. Once each month a man comes 
to read the meter. He looks at the dials on the meter and 
puts a number down in the book he carries. Then a bill 
is sent from the electric company. This meter tells how 
much electrical energy has been used during the month. 

However, you now know that there are at least two 
kinds of electric meters. One kind measures volts; the 
other, amperes. This meter must be a still different kind, 
for it measures the total amount of electrical energy that 
you use. Its face is also different from the face of a volt- 
meter or an ammeter. Instead of a single pointer that 
swings back and forth to show the amount or pressure of 
the electricity, there are several little dials, with hands 
like clock hands that turn very slowly (Figure 406). 
I nder the dials you will probably find the words Kilowatt- 
Hours, And on the meter you can usually find the label 
watt-hour ineter. You were right in thinking that this is a 
different kind of meter. Let us find out what it measures 
and how to read the dials. 

To understand the meaning of a watt-hour, think a 
moment about driving an automobile. You can find out 
how far you have gone if you know two facts: (1) how 
fast you have driven, and (2) how long you have been 



UNIT 8. USING ELECTRICITY 


453 


driving. That is, the total distance you have traveled is 
your rate of travel multiplied by the time you have been 
going. A problem of distance is easy to understand. And 
our electrical problem is almost as easy. The number of 
watts is the rate at which the lamps and irons use elec- 
trical energy. 

Let us turn on a 60-watt lamp. 

Electrical energy is being used at 
the rate of 60 watts. In an hour 
the lamp will have used a certain 
amount of energy. In two hours it 
will use twice as much, and so on. 

Scientists have agreed that the 
unit of electrical energy shall be 
the watt-hour. A watt-hour, as you 
can easily see, is tlie amount of 
energy that would be used by a 
one-watt lamp burning for one 
hour. How many watt-hours of 
energy would a 60-watt lamp use 
in an hour? Of course, it would use 
60 watt-hours. In 24 hours it wouhl 
use 24X60, or 1440 watt -hours. 

You can see that a watt-hour is 
a rather small amount of energy. 

Even a small family would use a 
great many watt-liours in a month. 

Therefore scientists and engineers have decided to use a 
more convenient unit, known as the kilowatt-hour. One 
kilowatt-hour of energy is equal to 1000 watt-hours. The 
dials on electric meters tell how many kilowatt-hours of 
electric energy have passed through them. If there is a 
meter in your house, you will want to know how to read 



meter. The long }>oi liter 
iii(lieat(‘S the greatest 
aiuouiit of current used 
at any one time during 
the month. 



Fig. 408 . The same dials as above, but a month later. Whai is the 
reading? How much electricity was used during the month? 


it. If you can read it, you can tell wlicther your bills 
for electricity are correct. 

Figure 407 sliows the dials of a watt-hour meter. The 
pointer on the dial at the right makes one complete 
revolution while ten kilowatt hours of energy are being 
used. The dial second from the right makes one revolu- 
tion for each 100; the third, one revolution for each 1000; 
and the fourth, one revolution for each 10,000. Therefore 
the reading is made by looking at the last figure passed 
by each pointer and by writing them down in the same 
order as the dials. Now answer the questions that are 
asked under Figure 408. 

Self-Testing Exercises 

1. What is a watt-hour.^ A kilowatt-hour? 

*'Z. An electric iron was used for three hours. The iron re- 
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quired 450 watts to operate it. How many watt-hours of energy 
did the iron use? How many kilowatt-hours? 

8. How many watt-hours of energy would aji 800- watt 
wafHe iron use in one-half hour? 

Problems to Solve 

1. If a kilowatt-hour of electrical energy costs 5 cents, how 
much does it cost to operate a 60- watt lamp for 24 hours? 

2 . At the same rate how much was the cost of the ironing 
described in Self-Testing Exercise 2 ? 

3. What is the rate charged for electrical energy in your com- 
munity? Usually the rates will be given on the electric bills, 
or you can learn them by asking at the office of the company 
that supp)lies the electricity. 

4. At the rates charged in your community, what should 
be the amount of the bill when two monthly readings were 
those shown in Figures 407 and 408? 

Problem 3: 

HOW DO ELECTRICAL CURRENTS DO WORK? 

W HENEVER we think of electricity doing work, we 
think of electric motors. In Iioines electric motors 
furnish the force to sweej) the floors, run refrigerators and 
fans, whip cream, mix cake, operate sewing-machines, 
and drive toy locomotives. On farms they grind grain, 
sharpen tools, milk cows, and pump water. They run 
all sorts of machinery in factories, stores, and pumping 
stations. They start our automobile and airplane motors 
and drive street-cars, electric locomotives, streamline 
trains, and ocean liners. Our country would be in serious 
trouble for a long time if all its electric motors should be 
destroyed. 

Your main problem now is to find out how these im- 
portant electrical machines are turned by electric current. 
However, you can better understand electric motors if 
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you have a clear idea about such simple devices as electro- 
magnets and electric bells. JM us see how the usual kind 
of electric bell works. 

H ow DOES AN ELECTRIC BELL WORK? The heart of the 
usual kind of electric bell is a double elect romagnel . 

As you probably know, all that is 
needed to make an electromagnet is a 
soft iron bar and some insulated wire'. 

When the wire is wrapped around 
the bar and electrical current is sent 
through the wire, the bar becomes a 
magnet. The poles, the strongest parts 
of the magnet, are at the ends of 
the bar. To make an electric bell, the 
arms of a tl-shaped piece of iron are 
wrapped with insulated wire. Thus the 
poles are near each other, and both 
can pull on the same piece of iron or 
steel. Furthermore, the wire is wrapped 
around the magnet in such a way that 
one pole is a north-seeking pole, and 
the other is a south-seeking pole. This 
makes their pull on a piece of iron even 
stronger. (If you are not sure as to 
exactly how magnets act toward each 
other, see Science Problems, Book i, Unit 7.) 

In the electric bell (Figure 410) a soft iron bar, or 
armature, stands just a little distance away from the 
poles of the electromagnet. This armature is fastened to a 
spring. The armature also (*arries two other pieces of 
metal. One Is the clapper for the bell. The second is a little 
contact point that touches another contact point on the 
base of the bell. 
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Now let us suppose that everything is coiiueeiiMl as 
shown in Figure 410. You press the button. The dry cell 
sends electricity through the electromagnet. Almost in- 
stantly the armature and the clapper attached to it are 
pulled to the left. The clapper strikes the bell and makes 
it ring. But something else happens at 
the same time that the clapper strikes 
the bell. 

When the clapper is pulled to the 
left, tlu^ contact point on the armature 
pulls away from the contact point that 
is fastened to the base of the bell. 

This breaks the circuit and shuts off 
the current. Therefore the magnet loses 
its strength and can no longer hold the 
armature. Then llie armature is pulled 
back by its spring. When this happens, 
the contact points touch again, the 
magnet pulls on the armature, tlu* 
clapper strikes the bell, and the 'whole 
process is repeated over and over again 
so long as you press on the button. It is 
hard to believe that the electromagnet 
can pull and let loose as rapidly as the 
clapper strikes the bell, but you know 
that it does. And the electric buzzers that you may have 
heard work in the same manner that electric bells work. 

From this description of an eletdric bell you can under- 
stand how an electromagnet is made. Of course, most 
electromagnets are not turned on and off as rapidly as 
those in bells and buzzers. The electromagnets in most 
motors are magnetized all the time the motors are 
running. 
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Self-Testing Exercises 

1. Tell briefly how an electromagnet is constructed. 

2. Why does the clapper of an electric bell fly over and hit 
the bell when the push-button is pressed? 

3. Why does the clapper not remain pressed against the 
bell so long as the button is held down? 

H OW DOES AN ELECTRIC WIRE ACT NEAR A MAGNET? 

To understand how a motor works, you will need to 
know how a wire carrying a current acts when it is in the 
magnetic field between the poles of a magnet. You will 


want to see for yourself 



Fig. 411. Apparatus for 
Experiment 41 


this strange action of the wire. 

Experiment 41. How Does an 
Electric Wire Move in a Magnetic 
Field? (a) Arrange a strong U -mag- 
net, a dry cell, a push-button, and 
a length of No. 30 insulated wire as 
shown in Figure 411. Be sure the 
wire is loose and free to move. Press 
the button. What does the wire 
near the magnet do? Release the 
button and repeat the experiment 
to make sure you were correct. 

h) Now change the wire so that 
the current goes through it in the 
opposite direction. Press the button 
again and notice what the wire does. 

From this experiment you 
realize the truth of a law dis- 
covered a long time ago by 
Michael Faraday: A wire carry- 
ing a current tends to move when 
the wire is in a magnetic field. The 
full statement of the law tells 



Flo. 412. A direct-current electric motor. Armature windings means 
the thousands of feet of wire that arc wound around a core to make 
the armature. (Westiiighouse photo) 

just which way the wire moves in the magnetic field. But 
all you need to know is that the wire moves in one way 
when the current flows in one direction and in the other 
way when the direction of the current is reversed. When 
you know these facts, you can understand why an electric 
motor can be made. 

> 

H ow DOES AN ELECTRIC MOTOR WORK.^^ Each clcctric 
motor has two important parts, the field inagnets 
and the armature. As you can guess, the field magnets are 
needed inside the motor to make a strong magnetic field. 
Just as in the bell, the armature is the part of the motor 
that moves. Small motors of the kind that you can make 
easily have two other parts, the commutator and the 
brushes. Acting together, the commutator and the brushes 
carry current to the wires on the armature. The generator 
that you studied in Unit 5 had a commutator and brushes 
to carry current from its armature to a circuit outside 
the generator. If you are reasonably careful, you can 
make a small electric motor that will really run, as de- 
scribed in Experiment 42, on the next page. 
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Fig. 413. Armature of a home-made motor 
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Experiment 42. Em Is an Electric Motor Constructed? For 
the field magnets of your motor use one or two large U-magnets 
like those you used in Experiment 41. For the armature get a 
cylindrical cork or piece of soft wood about two inches long 
and an inch in diameter. Cut two shallow lengthwise notches 
on opposite sides of the wood or cork cylinder. Wind about 
twenty turns of No. 22 or No. 24 insulated wire in these 
notches (Figure 413). Tie a thread around the middle of the 
hold them in place. 

Now cut two small pieces of No. 
18 bare copper wire about an inch 
long, or g(‘t two nails about that 
size. Push them into the cylinder 
at the points shown in Figure 413; 
fasten one free end of the wire to 
each bare wire (or nail). Get a 
large needle or two nails, for the 
.shaft and some bent wires for bear- 
ings. The armature will work better 
if it is balanced so that it will stand 
in any position. 

Place the field magnet (or mag- 
nets with N-poles together) over 
the armature, as shown in Figure* 
414. Set the armature coil horizon- 
tal. Connect copper wires to one 
or two dry cells, uncover the ends, 
and hold them as shown in the fig- 
ure. When the wires from the cells 
touch the wires on the armature, 
the armature should start turning 
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and continue until you remove the wires. Sometimes it may be 
necessary to have someone give the armature a turn to start 
it. You may need to practice a little to learn just how to hold 
the wires. With a little thought you can probably work out a 
way of fastening the connecting wires on nails or screws so 
that you will not need to hold them. 


In a home-made motor like the one shown in Figure 
413 , the “pins” to which the armature wires are fastened 
make the commutator. The wires held in the hand are the 
brushes. Let us see why the motor starts turning and con- 
tinues to turn. The reason for its starting is easy to see. 
The wires of the armature coil act just like the wires in 
Experiment 42 . The electric cur rent going in one cliix-ctioii 
in all wires on one side (at A 
in b'igure 415 ) causes that side 
to be pulled upward through 
tlie magnetic field. The same 
current going in the other 
direction on the other side of 
the coil causes that side to be 
pulled downward. Thus the 
coil starts to turn. 

But just as the armature 
gets a good start, the com- 
mutator pins move away from 
the brushes. Inertia keeps the 
armature turning until the 
pins strike the brushes again. 

Now the “pins” are reversed, 
and side A, which was pulled upward, is pulled downward. 
Side B, which was pulled downward, is pulled upward 
until the “pins” leave the brushes again. Then the whole 
process is repeated for every revolution of the armature. 



current operates 
made motor 


the home- 
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One trouble with your toy motor is that it does not 
pull steadily. When the wires are at the top and bottom, 
they cannot pull. You could improve it by adding another 
coil at right angles to the first (Figure 416), or even three 
coils evenly spaced around the cylinder. Then at least 
one set of wires would be pulling all the time. Another 
improvement would be to make the commutator in the 
form of a smooth ring cut into pieces, as shown in Figure 
417. Then the brushes would slide smoothly along and be 
touching the commutator all the time while it is whirling 
around. 

Modern electric motors use all these ways of improving 
the armature. The wires are wound on the armature in 
such a way that all the wires on one side are always pull- 
ing up, and all those on the other side are always pulling 
down. The wires or windings on the armature are con- 
nected in a complicated way with many pieces of a smooth 
commutator. 

Another way of improving a motor is to use powerful 
electromagnets to form the magnetic field. The poles of 
these magnets are set very close to the metal armature. 
In this way the magnetic field inside the motor is made 
very strong. In some motors that must pull very hard, 
there may be a double set of field magnets (four poles). 





Fig. 417. Parts of a motor to show brushes, field magnets, commuta- 
tor, and armature (Fairbanks Morse plioto) 

as shown in Figure 417. Then there are four brushes 
instcjid of two touching the commutator and four sets of 
wires pulling constantly. These improvements and many 
others that we cannot describe here have made electric 
motors very efficient. The best motors change about 90% 
of the electrical energy they use into kinetic energy for 
doing work. Motors of many different sizes and kinds are 
made. Some of our smallest motors drive electric clocks. 
At the opposite extreme in size are the motors used to 
drive ocean liners. Some of these giants have 40,000 
horse-power. 

Some motors will run only on direct current, that is, 
current that flows in one direction all the time. Others 
will run on both alternating, or reversing, current and on 
direct current. Still others will use only alternating cur- 
rent. Some motors of this last kind, called induction 
motors, are most mysterious. The armature has no com- 
mutator, no brushes, and no electrical connections from 
the outside at all. Yet it turns with great force. 

Another queer kind of motor keeps in perfect step with 
the generator that is supplying it with current. Such 
a motor is called a synchronous (“timed-with”) motor. 
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One kind of synchronous motor is used to drive electric 
clocks. These motors use (iO-cycle alternating current, 
that is, current that changes its direction 120 times every 
second. Thus each second there are 120 separate pulses of 
current. The armature and the field magnets of a clock 
motor both have small projections, or teeth on them, as 

shown in Figure 418. 

Each pulse of elcclric cur- 
rent pulls the nearest teeth of 
the armature toward the teeth 
of the magnets. Then there is 
a moment of no pull while 
the teeth pass eac^h other. The 
next pulse pulls the armature 
teeth to the magnet teeth one 
notch farther on. Thus for 
each pulse in the current each 
armature tooth passes one 
magnet tooth. The generators 
at the power-houses are regu- 
lated to send out exactly 120 
pulses each second on the av- 
erage. Thus electricity is used 
to help us keep very good 
time, and our electric clocks never need winding. 

Notice that electric motors do not actually harness 
natural energy. They are part of a system for transmit- 
ting energy from power machines to working machines. 
Energy harnessed by a water-wheel, for example, turns a 



Fkj. 418. ITow a syiicliroiioiis 
electric clock works 


great generator. In the generator the kinetic energy of 
the falling water is changed into the energy of an electrical 
current. This current then passes through wires to a 
motor. The motor changes the electrical energy of the 
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current back into kinetic energy again to do woi-k by 
running machines of all kinds. 

Self-Testing Exercises 

1. What does a wire in a strong magnetic field do when an 
electrical current is sent through the wire? When the current is 
sent in the reverse direction? 

2. Why does an electric motor need to have field magnets 
to make it run? 

3. Explain why the armature of an elect rie motor turns when 
electrical current is sent through it. 

4. Why are brushes and a commutator necessary in most 
electric motors? 

5. What is a synchronous motor? 

6. Why are electric generators and motors very useful? 

Problems to Solve 

1. Why do the armatures of most electric motors have 
several coils of wire on them? 

2. Why are there many wires in each coil? 

3. What advantage can you find for using electromagnets 
rather tlum permanent magnets in motors? 

4. Find an electric motor that you can examine. Locate each 
important part named in Problem 3. 

5. Electric motors run very rapidly. What ways can you find 
for slowing down the movement they produce; that is, how 
could you make a machine attached to a motor run more 
slowly than the motor? Think of what you learned about 
simple machines. 

6. Make a diagram to show how the field magnets and 
armature of a motor could be connected so that both armature 
and field magnets would receive current from one pair or wires. 
Does your plan connect them in series or in parallel? Is the 
other plan possible? 

7. Read in reference books to find how an induction motor 
works without brushes and a commutator. 
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Problem 4: 

HOW IS ELECTRICAL CURRENT USED TO CAUSE 
CHEMICAL CHANGES? 

H OW IS ELECTRIC CURRENT USED FOR PLATING? OllC of 
the important characteristics of electrical current is 
that it can make chemical changes take place in certain 
kinds of solutions. Chlorine and lye are made by means 
of electrical currents, and electrical current separates 
aluminum from its ore and plates copper, silver, nickel, 
and chromium on all kinds of articles. You can under- 
stand the process of electroplating best by doing some 
of this kind of plating yourself. 

Experiment 43. How Is Copper Plating Done? Make a ratlu‘r 
concentrated solution of copper sulphate in water. Add a few 
drops of sulphuric acid to the solu- 
tion and put it in a glass tumbhT 
or a beaker. Get a strip of copper. 
Clean a silver coin thoroughly with 
soap and a brush; then rinse it in 
clear water. Without touching tin* 
coin with your fingers, slip it in a 
paper clip. 

Hang the paper clip on the end 
of a wire attached to the negative 
(zinc) electrode of a dry cell (Figure 
419). Connect the positive (carbon) 
electrode to the copper strip. Then 
lower both coin and strip into the 
solution without allowing them to 
touch each other. After a few min- 
utes lift out the coin. What has 
happened? (You can remove the 
copper from the coin by reversing 
the conni'ctions to the dry cell.) 



Fig. 420. This drawing will help you understand how an eleetro- 
plating tank works. 

From this experiment you am see how all electroplating^ 
is done. The solution, or electrolyte^ must contain a com- 
pound of the kind of metal that is to be plated on the 
object. To plate gold the solution must contain a com- 
pound of gold. To plate silver the solution must contain 
a compound of silver, and so on. The article to be plated 
is suspended in the electrolyte and connected with the 
negative wire from a direct-current generator or cell. 
A strip or bar of the kind of metal to be plated is also 
suspended in the electrolyte and ik connected to the posi- 
tive wire. When the current is turned on, metal from the 
solution is deposited upon the article being plated, an<l 
metal from the positive plate dissolves in the electrolyte. 
In this way the metal taken from the solution is replaced 
by metal dissolving from the positive plate. 

This book was printed from plates made by electro- 
plating. This is done as follows. The page is first set uj:) 
in type. Then a mold of the type is made by pressing it 
into wax spread on a plate of copper. The mold impression 
is removed and covered with a thin layer of j^owdered 
graphite. The graphite is added to the wax to make it a 
conductor of electricity. This wax mold on its copper 
plate is suspended in an electrolyte of copper sulphate, 
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Fig. 421. At the left is the type from which page 2S() of tliis book 
was made. Next to it is the wax mold of the same page. Notice the 
position of the type and the illustrations in the wax mold. At the 
right is the printing plate. 

and the current is turned on. After copper of the desired 
thickness has been deposited on the mold, the mold is 
lifted from the electrolyte, and the thin copper sheet is 
pulled from the mold. This thin sheet is then made strong 
by pouring melted lead on the back of it and allowing 
the lead to harden. This forms the printing plate. 

H ow IS AN P2LECTRIC CURRENT USED TO SEPARATE COM- 
POUNDS AND PURIFY METALS? Wlicn you first learned 
about elements and compounds, you probably found it 
hard to believe that water is made of two colorless gases, 
oxygen and hydrogen. You had to accept without proof 
the statement that chemists had taken water apart, or 
decomposed it, and found what it is made of. Now, how- 
ever, you can do this experiment and prove for yourself 
that water is a compound of two gases. 

Experiment 44. Ilow Is Water Decomposed? You can do this 
experiment most easily with an electrolysis apparatus (Figure 
422), which may usually be obtained from the physics or 
chemistry laboratory. However, you can make a simple elec- 
trolysis apparatus like the one that is shown in Figure 423. 
Get a round half-gallon bottle and cut it in half. Obtain 
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two strips of carbon and fasten each to 
a copper wire. (Strips of carbon may be 
obtained from old flashlight batteries.) 
Push the other ends of the copper wires 
through a cork that fits the bottle (Fig- 
ure 423). Fill the bottle with water con- 
taining a little sulphuric acid (about one 
part to each 40 parts of water) . Then fill 
two test-tubes with the acid water and 
place one of them over each carbon 
electrode. Attach one wire to the posi- 
tive side of a battery of from one to 
six dry cells in series, and the other 
side to the negative side of the battery. 

Observe the bubbles of gas rising in 
the tubes. Is there the same amount in 
each tube? When the first tube is filled, 
place your thumb over the bottom of it 
and remove it from the bottle. Bring a 
lighted match to the end of the tube. 
What happens? This gas is hydrogen. 
Test the gas in the other tube with a 
glowing splint. What happens? This, as 
you know, is a test for oxygen. 

If absolutely pure water is used 
in this experiment, together with a 
known weight of sulphuric acid, a 
chemist can show that the weight of 
the hydrogen and oxygen c{|uals 
the weight of the water that di.sap- 
pears. The weight of the sulphuric 
acid does not change. It is used to 
make the water a conductor. The hy- 
drogen and oxygen, therefore, must 
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Fia. 424. This workman is scraping crystals of silver from an electrode 
on which it has been tleposite^l by electrolysis. (Wide World photo) 

have been produced by the deeomi>osition of water. This 
process is called electrolysis. 

Elec: t roly sis is a very common commercial process. 
Hycirogen and oxygen are both prepared extensively by 
this method. Chlorine, a greenish-colored gas used to 
bleach cloth and to purify water, is made by this method. 
Another use of electrolysis is to free certain metals from 
their ores. One of the most important metals obtained 
by this process is aluminum. Aluminum was first made 
in 1825, but the process was so expensive that the metal 
was just a rare curiosity. It cost about $1(50 a pound to 
make it. In 1880, (Charles Hall, a young chemist who had 
just graduated from Oberlin Colk'ge, in Ohio, discovered 
how to obtain aluminum by electrolysis from some of its 
melted compounds. This one disc*overy made it possible 
to produce aluminum for a few cents a pound. 

By this time you are probably wondering how the 
chemical action in electroplating and electrolysis is 
brought about by passing an electric current through a 
solution or through melted compounds. Later on in your 
study of science you will find out the details of this 
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Fig. 425. Why objects can be electroplated 


process, but this is an outline of what happens: Certain 
compounds seem to be made up of small particles, called 
ions. These ions have electrical charges. Copper sulphate, 
for example, breaks up into two kinds of ions — copper ions 
with positive charges and sulphate with negative charges. 

In your experiment with electroplating you remember 
that the object to be plated is connected with the negative 
side of the battery. The positively charged copper ions 
are altracted by the negative charge on the article and 
move over to the object. When they touch the object, 
they take electrons from it ami become ordinary copper 
atoms. These copper atoms form a layer of copper metal 
on the object to be plated. Klect reflating and electrolysis 
vary with the kinds of materials used, but they always 
depend upon the formation of charged particles, or ions, 
that are attracted by one of the electrodes. 

Self-Testing Exercises 

1. How is electroplating done? 

2. How is a printing plate made for a book? 

S. In electroplating, to which side of the battery should you 
always attach the object that is to be plated? Why? 

Problems to Solve 

1. Why cannot alternating current be used in electroplating? 

2. Hoes the hydrogen come off the positive or negative elec- 
trode in the electrolysis of water? What does this show you 
about the electrical charge of the hydrogen ions? 



Kig. 426. Step-up transformers at the Diablo Power Plant on the 
Skagit River, Washington. The generators at this plant generate 
electricity at a pressure of 13,800 volts. These transformers raise the 
pressure to 222,000 volts before it is sent over the wires to the city 
of Seattle. (Westinghouse photo) 

Problem 5: 

HOW IS ELECTRICAL ENERGY TRANSMITTED TO OUR HOMES? 

W HAT PROBLEMS MUST BE SOLVED IN TRANSMITTING 
ELECTRICAL ENERGY? Wc ure SO accustoiiiecl to using 
electricity wlicnever we need it that we often pay little 
attention to where it comes from. You may not know, for 
example, where the electricity you use is produced. Many 
towns and cities get their electricity from powt'r plants in 
or near the town. Some cities, however, obtain their 
electrical energy from power plants located hundreds of 
miles away, where there are natural waterfalls or where 
power dams have been built in rivers. Dos Angeles, for 
example, obtains some of its electricity from a water-power 
plant in the Sierra Nevada Mountains, 250 miles away. 
Rochester and Syracuse, New York, obtain their elec- 
tricity from generators at Niagara Falls. 
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In traveling across the country you have probably seen 
the tall steel towers that support cables of copper or 
aluminum through which the electricity is transmitted. 
These cables are attached to huge insulators that keep 
the electric current from leaking off into the ground. If 
you ever stopped to examine one of these towers more 
closely, you probably saw a sign, ‘‘Danger — 100,000 
Volts’’ or “Danger — High Tension Wires.” 

If electrical wires come to your home, you probably 
know that the current you use has a pressure of about 110 
volts. When electricity is transmitted for long distances, 
it is necessary to use a much higher voltage. Let us see 
why. First of all, the longer the conductor, the greater the 
resistance offered to the passage of the current. A larger 
electrical pressure is therefore needed to force the current 
over long distances than over short distances. Second, you 
will remember that in overcoming this resistance a part 
of the electrical energy is changed to heat energy. This 
energy is, of course, lost. Third, you remember that the 
greater the amount of current flowing through the wire, 
the greater the amount of electrical energy that is changed 
to heat. 

The problem of the electrical engineer is to transmit the 
electrical energy with as little loss as possible. To reduce 
the amount of electrical energy changed to heat, it is 
necessary to keep the amount of current as low as pos- 
sible. You will remember that the power as measured by 
watts is equal to the volts times amperes (page 451). To 
keep the amount of current low and still get the same 
power, it is necessary to increase the voltage. For example, 
with a voltage of 200 and an amperage of 100 the total 
amount of power transmitted is 20,000 watts. A voltage of 
20.000 and a current of 1 ampere will also transmit 20,000 
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watts. But in the second case only as much energy 

will be lost. By keeping the voltage high and the amount 
of current low, only a very small amount of electricity is 
lost by being changed to heat. 

The second problem of the engineer is that of securing 
the high voltage necessary for long-distance transmission 
of power. The generators used at Niagara Falls produce 
electricity at a pressure of 12,000 volts. Too much current 
would be lost in transmission over long distances at this 
voltage; so the current is changed by raising it to 60,000 
volts before it is sent out over the transmission wires. 
How is tins done? 


H ow DO TRANSFORMERS CHANGE THE VOLTAGE OF A 
CURRENT? The device used to change the voltage of a 
current is called a transformer. You have probably seen a 
black box on one of the electric-light poles near your home. 
In this black box is a transformer (Figure 427). Traveling 
through the country you may have seen the transformers 



Fig. 427. A pole transformer 
(Westinghouse phoio) 


used for long-distance trans- 
mission of electricity. The 
small black box used to 
operate an electric train also 
contains a transformer. 

To understand how a 
transformer works, you will 
need to recall what you 
learned about the operation 
of a dynamo. In Experi- 
ment 42 we saw that a cur- 
rent was produced when a 
coil of wire was rotated be- 
tween the poles of a magnet . 
When this was done, the coil 


Fig, 428. Apparatus for Experiment 45 

of wire cut across the lines of force between the poles of the 
magnet. When the coil was stationary, no current was 
produced. The same idea is used in making a transformer. 

Experiment 45. How Is a Transformer Made? Obtain a soft 
iron rod and bend it into a circle about three or four inches in 
diameter. (A core of soft iron wires may be used equally well.) 
Wrap two coils of about fifty turns each of wire around the 
core (Figure 428). Connect one coil in series with a switch and 
two or three dry cells. Connect the other coil to a galvanometer. 
Now close the switch. What happens? Now open the switch. 
What happens? What change takes place in the direction of the 
current as the switch is opened and closed? 

Your experiment showed you that a current is produced 
in the coil connected with the galvanometer when the 
circuit is made. When the circuit is broken, a current is 
also produced, but this time in the opposite direction. 

Now let us think of the kind of current produced by 
an alternating-current generator. You remember that the 
(current first flows in one direction; then it dies down to 
zero and flows in the opposite direction. When an alternat- 
ing current is sent through one coil of a transformer, the 
lines of magnetic force first cut the second coil in one 
direction; then, as the current reverses, they cut the coil 
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Fig. 429. This diagram will help you understand how a step-up trans- 
former increases voltage for transmission and how a step-down trans- 
former reduces the voltage for everyday uses. 


in the other direction. In other words, the changing mag- 
netic field has the same effect as if the second coil were 
being moved. The result is that an alternating current is 
produced in the coil. 

Now that you see how a transformer works, you can 
understand how it can be used to change the voltage of 
the current. Suppose that we want to increase the voltage. 
The generator producing an alternating current is con- 
nected with one of the coils around the armature. This 
coil is called the primary coil We will suppose that there 
are 100 turns of wire in the primary coil. The secondary coil 
that is connected with the transmission lines has many 
more turns, say 2000 turns. The lines of force from the 
primary coil thus cut through 20 times as many turns in 
the secondary coil. The result is that the voltage in the 
wires attached to the secondary coil is 20 times as high as 
that in the primary coil. It has been increased, or “stepped 
up.” If there were 110 volts in the primary coil, the volt- 
age of the secondary coil would be 2200. 

You must not forget, however, that the total amount of 
power in the secondary coil (less about 3 per cent loss) is 
the same as in the primary. If the primary coil carried 
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100 amperes at 110 volts, the secondary would have a 
voltage of 2200, but the current strength would be only 
five amperes. You can see why this must be true by the 
following figures : 

Power in primary coil 110 VXlOO A = 11,000 watts. 

Power in secondary coil 2200 VX5 A = 11,000 watts. 

By using step-up transformers, the electrical engineers 
can raise the voltage and lower the amperage. This greatly 
reduces the loss of energy. However, very high voltages 


cannot be used because energy 
Most city power stations use 
generators that produce current 
at 2200 volts. Such a large vol- 
tage cannot be used safely in 
the home; so it must be reduced. 
This is done by a step-down trans- 
former. In a transformer of this 
kind the number of turns of 
wire on the primary is 20 times 
as great as on the secondary. In 
such a transformer the voltage 
would be stepped down to 110 
volts in the secondary coil. At 
the same time the number of 
amperes would be 20 times as 
great as in the primary coil. 
The small transformers used to 
operate electric trains and bells 
are also step-down transformers. 
They reduce the pressure of the 
110-volt house-lighting current 
to 5, 10, or 15 volts. 


is lost in oIIk'v ways. 



down from 287,000 volts 
to 1S2,000 volts by this 
transformer at Los Angeles. 
(Westinghouse photo) 



Fig. 4S1. A cut-away view of the kind of induction coil used in low- 
priced automobiles. You can plainly see the primary and the second- 
ary coils. 

The spark plugs in your automobile are connected to 
a special kind of transformer called an induction coil. In 
an induction coil the primary coil is placed inside the 
secondary coil. Since the battery of the car furnishes 
direct current, it is necessary to make and break the cur- 
rent, as you did in Experiment 45, in order to change the 
magnetic field and thus produce a current in the second- 
ary. To do this a circuit breaker is used. Tliis is con- 
nected to the engine, and it makes and breaks the circuit 
each time a spark is needed. 

To force the spark across the gap in the spark plug, a 
pressure of 3500 to 15,000 volts is needed. In order to 
get this pressure, the primary is wound with 1.^0 to 250 
turns of comparatively large copper wire, which is con- 
nected with the six- volt storage battery. The secondary 
coil is wound with about 20,000 turns of fine copxier wire. 
The total length of the wire on these two coils amounts 
to over a mile. 

Self-Testing Exercises 

1. Why must the electrical pressure (voltage) of a current 
be increased when it is transmitted a long distance? 

2. How does a step-up transformer operate to increase 
electrical pressure? 

3. How does a step-ilown transformer operate? 

4. How does a transformer operated by direct current differ 
from one operated by alternating current? 
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Fig. 432. Samuel F. B. Morse 


Fig. 433. Alexander Graham Bell 


Problems to Solve 

1. Find out exactly how an induction coil works. 

2 . Find out how indued ion coils or transfer mors arc used 
to operate neon lamps. 

3. What would hapjien to the motor on a toy edectrie* train 
if a step-down transformer were not used? Why? 

4. Find out how an induction coil is used to provide^ a spark 
in a gasoline engine. 

Problem 6: 

HOW IS AN ELECTRICAL CURRENT USED 
FOR SENDING MESSAGES? 

O M MAY 24 , 1844, an event occurred that has played a 
great part in the development of our modern world. 
It was on this date that the first message from one city 
to another was sent by electrical current. The words were 
“What hath God wrought,” and they were sent by tele- 
graph from Washington to Baltimore by the inventor, 
Samuel F. B. Morse. About thirty years later on March 
10, 1876, another historic message was sent. Alexander 
Graham Bell said to his assistant, Thomas Watson, “Mr. 
Watson, please come here! I want you.” As you probably 
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Fig. 434. Sending key, sounder, and battery of a simple telegraph set 

know, this message was sent by telephone. Twenty years 
later, in 1896, Guglielmo Alarconi sent a message two 
miles without the use of wires. This event marked the 
beginning of the use of the radio. 

And now another new invention has been perfected 
after twenty years of exj^eri mentation. In 1927 scientists 
of the Bell Telephone Laboratories gave a public demon- 
stration of television, in which pictures of a person before 
the transmitting instrument in Washington api>eared at 
the same instant in the receiving instrument in New York 
City. Just as this book was being published, television on a 
large scale was being introduced. Thus in a little less than 
a hundred years our methods of communication have been 
completely revolutionized. 

H ow ARE MESSAGES SENT BY TELEGRAPH? First, make a 
simple telegraph outfit to see how it operates. Then 
you can more easily understand how it works. 

Experiment 46. How Is a Simple Telegraph Instrument Set 
Up and Operated? (a) Connect a cell, a sending hey, and a sounder 
as in Figure 434, using two wires to complete the circuit. 
Open the switch on the key. Press down on the key. What 
happens? Release the key. What happens? 
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Fig, 435. A hoiiie-inacJe telegraph. At the right is the key. The sounder 
clicks between the nail and the top of the electromagnet, which is a 
nail wound with wire. 

b) Press down on the key and release it immediately. You 
hear two clicks close together. This is called a dot. Press down 
on the key, hold it an instant, and then release it. You now 
hear two clicks not so close together as when you made a dot. 
This is called a dash. The difference between a dot and a dash 
is the difference in time between the two clicks, and these dots 
and dashes make up the telegraphic code. Try sending a series 
of dots and dashes until you can tell' them apart. 

c) If you do not have a commercial key and sounder, make an 
instrument as shown in Figure 435. Use about fifty turns of 
wire on the nail. 

Perhaps by now you already understand how the tele- 
graph works. If you do not, this is the explanation: The 
two round spool-like parts in the sounder contain a horse- 
shoe-shaped electromagnet. The little bar (armature) that 
goes across the poles of this electromagnet is made of 
soft iron. This cross-bar is attached to a heavier steel bar 
that can move up and down. A spring holds the steel 
bar, so that the end stays up against a small screw in the 
frame. Now you can understand what happens in the 
electric circuit when the key is pressed and released. 



Fig. 436. These telegraph iiistruinerits in the otfic*e of a great news- 
paper type their messages directly on to a ribbon of paper. The 
ribbons pass across typewriters, where men copy the niessages on 
sheets of paper. (New York Times Studio) 

When the key is pi-essed down, the circuit is completed. 
The electrical current flows from the cell around through 
the coils of the magnet through the key and back to the 
cell. When this happens, the electromagnets pull down 
the armature, and a click is heard. When the key is 
released, the circaiit is broken. Then the electromagnets 
lose their magnetism, the spring pulls the armature up, 
and another click is heard as it strikes the upper screw. 
When the key is pressed down again, the same events take 
place all over again. A telegraph circuit thus contains a 
source of electricity, a device to make and break the 
circuit (the key), and a device that uses an electric current 
to make sounds (the sounder). 

Simple instriiiiients of this kind are still widely used 
in railroad communication and for lines where few mes- 
sages are sent. In many cases only one wire is used with 
these instruments; the ground takes the place of the other 
wire in the circuit. For commercial telegraphy, where 
thousands of messages may be sent over a line in a day, 
many complicated devices have been invented to speed 
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up the sending and receiving of messages. For example, 
messages may be sent by striking keys like those on a type- 
writer. At one or many receiving stations, machines called 
teletypewriters receive the electrical impulses from the 
receiving instrument and automatically type out the let- 
ters of the message on a sheet of paper or on a paper tape. 
A single circuit can be arranged to carry messages from 
four or more sending instruments at the same time. All 
these and other inventions allow the telegraph lines to 
send messages quickly and cheaply. 

Self-Testing Exercises 

1. Explain how a telegraph sounder produces sounds. 

2. Why is a key necessary in a simple telegraph circuit? 

3. What is a teletypewriter? 

H ow DOES A TELEPHONE WORK? When you talk over 
the telephone to a person a few miles or even thou- 
sands of miles away, you can hear the person as well as if 
he were standing near you. He speaks in his usual way, 
and so do you. Neither of you shouts, but still you can 
hear one another. Ordinary .sound wfives, as you know, 
could not travel this distance and be heard. Furthermore, 
you hear the person as he sj)eaks. It would take several 
seconds for the voice of a person ten miles away to i-each 
you through a wire. You .see, therefore, that it is not 
.sound, as many people think, that is sent through the 
telephone wire. 

We will suppose now that you are talking over a tele- 
phone. What happens? Sound waves are set up in the air 
as you speak. These sound waves enter the mouthpiece 
of the transmitter (Figure 437) . Inside the transmitter is a 
thin piece of metal, the diaphragm. When the sound 
waves strike the diaphragm, they make it vibrate back- 




Fig. 437. The trarisuiitter of a Fig. 438. Carbon particles in a 
telephone transmitter 


ward and forward. For example, if the sound wave 
vibrates 256 times per second, the transmitter diaphragm 
will vibrate at the same rate. Attached to the back of the 
diaphragm is a little box containing carbon particles 
through which the current must pass. As the diaphragm 
moves in, these carbon particles arc pressed closer to- 
gether (A of Figure 438), and their resistance to the pas- 
sage of an electrical current is decreased. 

Some source of electrical current, such as a dry cell, is 
connected in series with the box of carbon particles. 
As you already know, when the resistance is decreased, 
more current can flow. So every time the diaphragm goes 
in, the strength of the current is increased. When the 
diaphragm moves back out again, the resistance is in- 
creased; therefore less current flows through the carbon. 
The strength of the current therefore increases, then 
decreases, then increases, ami so forth. For this reason 
the electric current that flows through the transmitter and 
out into the wire going to the receiver changes from a strong 
current to a weak current, then back to a strong current, 
and so on. It makes these changes the same number of 
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times per second that the sound wave strikes the trans- 
mitter. Such a current may be called a ^pulsating current 
or a fluctuating current. 

At the receiver end of the circuit it is necessary to 
change this pulsating current of electricity back to sound 
waves so that you can hear. This is done in the receiver 
of the telephone. If you unscrew the cover of a telephone 
receiver, you will first see a metal diaphragm (Figure 439). 
When the diaphragm is removed, you see two electro- 
magnets wound with many turns of wire. These elec- 
tromagnets receive the pulsating current from the 
transmitter. What happens then.f^ 

When the current gets stronger, the electromagnets 
become stronger, and they pull the center of the dia- 
phragm inward. When the current gets weaker, the 
pull on the diaphragm is re- 
leased, and it flies back to its 
original position. The dia- 
phragm, therefore, moves 
inward and outward at 
the same rate at which the 
current changes its strength. 

As it does this, it sets up 
sound waves in the air. 

These sound waves travel 
to your ear, and you hear. 

The diaphragm in the re- 
ceiver vibrates at the same 
rate as the sound wave that 
struck the diaphragm in the 
transmitter. Therefore you 
hear the voice that set up 

the sound wave. Fic. 4.‘39. A telephone receiver 
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In actual practice telephone circuits also use induction 
coils. You remember that an induction coil is a type of 
transformer used to change the voltage of a current. When 
stations are some distance apart, it is necessary to step up 
the voltage. To do this, an induction coil is connected in 
the circuit (Figure 440). The pulsating current in the 
transmitter circuit is connected with the primary of an 
induction coil. It sets up a high-voltage alternating current 
in the secondary coil. This secondary coil is connected to 
the wires that connect with the receivers of other stations. 
The alternating current in the secondary coil has the same 
effect on the electromagnets of the receiver as tlie pulsat- 
ing direct current. That is, it increases and decreases in 
strength and thus increases and decreases the pull of the 
electromagnets in the receiver. 

Of course, few telephones are as simple as the one you 
have just been reading about. Near each instrument there 
is usually a bell and devices for ringing the bell to call 
someone to talk on the phone. If there are many phones 
in the system, an exchange is necessary. In the exchange 
a person called an operator answers your call, calls the 
person you want, and connects your phone with the other 
phone. Many other devices in the exchange turn signal 
lights on and off, give "‘busy” signals, and help in other 
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Fig. 441. Through this overseas radio telephone switchboard in 
New York City, one can communicate with foreign countries and 
with ships at sea. (Photo by R. 1. Nesmith and Associates) 

ways to give good telex>lionc service. In some exchanges 
the connections between telephone instruments are made 
by machines instead of by human operaiors. Tliese ma- 
chines are much too complic*ated to explain here. 

Self-Testing Exercises 

1. Wliat passes along a telephone wire to carry tbt' nu'ssage 
from you to a friend? 

2. Explain carefully what happens in the. tclepliom* trajis- 
raitter while you are talking. 

3. Explain carefidly what happens in the telephone rectuvt^r 
at your friend’s ear while you arc talking. 

4. Draw a diagram of the simplest telephone circuit you 
can imagine. 

Problems to Solve 

1. Try to make a telegraph circuit that will work by using 
the ground in place of one wire. Push a spike nail or iron rod 
into moist soil at each instrument. Connect one wire from each 
instrument to the spike or rod and have the second wire run 
all the way between the instruments. 


487 


Fig. 44^. The new-typ)e hand telephone with a dial tor calling 
numbers. Receiver and transmitter are all in one piece. 

Plan a telegraph circuit that will include two sounders and 
two keys so that messages can be sent in either direction. 

3. Read in reference books about Samuel F. B. Morse and 
his invention of the telegraph. 

4. (a) What can you fiiul in reference books about tele- 
graph systems? 

b) Find out what a telegraph relay is and how it works. 

5. Bearn the telegraph code of dots and dashes well enough 
to spell out your name. 

6. Obtain a telephone transmitter, receiver, and dry cell. 
Connect them so that the sound of tapping on the transmitter 
can be heard in the receiver. Otiinonstrate the circuit and oi:)era- 
tion to the class. 

7. Visit the nearest telephone exchange and ask to be 
shown as much as possible of its operation. 

8. Read in reference books about Alexander Graham Bell 
and his invention of the telephone. 

9. Bearn all you can about automatic telephone exchanges 
and how they work. 

H OW DOES A RADIO WORK? In the telephone you have 
seen how sound waves can be used to change the 
strength of an electric current, how the pidsating electric 
current is used to change the strength of an electromagnet 
in a telephone receiver, and finally how this magnet 
operates the diaphragm to produce sound waves again. 
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This is practically the same process that must take place 
in transmission by radio. The big problem in radio is to 
transmit electrical energy without the use of wires. 

Let us first see how electrical energy travels through 
air or empty space without the use of wires. You already 
know that sound and light are transmitted by waves. It 
should be no surprise to you to learn that there are also 
electromagnetic waves. These waves, like light, can travel 
through a vacuum at the speed of 186,000 miles a second. 

In the broadcasting station is an apparatus that gener- 
ates a very rapidly alternating current. This generator 
causes electrons to flow back and forth in the aerial (wires 
or tower) that sends out the radio messages. For example, 
if a station is operating on a frequency of 600 hilocycleSy 
the current is rushing up and then down the aerial 600,000 
times per second. As the current rushes up and down the 
aerial, it sets up electromagnetic waves that travel out 
from the aerial. Six hundred thousand waves per second 
are sent out at the rate of 186,000 miles per second. Each 
station must have a very complicated set of radio tubes, 
coils, and other devices to send out waves at just the 
correct frequency for that station. 

To listen to a certain station, you know that it is neces- 
sary to tune your set to the frequency upon which the 
station is operating. Now let us see why this is necessary. 
When you studied sound, you learned about sympathetic 
vibrations (pages 356-858). You found out that a sound 
wave of a certain frequency could make another body 
vibrate and produce sound if the frequency of the sound 
wave was the same as the frequency at which the body 
would vibrate. By tightening or loosening a violin string, 
a musician can tune the string until it will vibrate in 
sympathy with a string on a second violin. A somewhat 
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Fig. 443. A simple diagram of a radio .sending station 


similar thing happens in radio. The electrons in the aerial 
of a radio set will respond to a certain frequency of elec- 
tromagnetic waves. By the use of coils and other devices 
in the set, it is possible to change the frequency to which 
the aerial and the receiving instrument will respond. In 
other words, tuning a set means changing it so that it will 
respond sympathetically to the frequency of the station 
you want. 

Now let us come back to the broadcasting station. The 
singer or speaker sings or talks into a microphone. This 
microphone is really nothing but a very sensitive trans- 
mitter, such as is used in the telephone. The sound waves 
striking the microphone cause a pulsating electrical cur- 
rent in the wires connected to it just as they do in the 
telephonic transmitt er. By very complicated arrangements 
in the sending station, the pulsating microphone current 
changes the .strength of the radio waves that are being 
sent out from the aerial. These changes correspond to the 
sound waves that strike the microphone. Figure 443 shows 
you what happens to sounds after they enter a microphone. 

Now we have the electromagnetic waves, or radio xoaves 
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Fig. 444. A simple diagram of a radio receiving station 

as they are called, going out into space. These radio waves 
strike the aerial of your receiving set that is tuned to 
respond to those particular waves. The electrons in the 
aerial and the set begin to rush up and down your aerial 
at the same frequency as they are rushing up and down 
the aerial of the sending station. Of course, this alternat- 
ing current in your set is much weaker than in the sending 
station. To strengthen it your rei^eiver must be connected 
to a source of electrical energy (Figure 444). 

First, the feeble but very high-frequency alternating 
current is amplified, or strengthened, l)y the “radio’’ tubes 
in your set. Of course, the electrical energy supplied to 
tlie set helps do this. Next, the alternating current is sent 
to a special tube called a detector. In this tube the high- 
frequency alternating current is changed to a pulsating 
direct current. This direct current pulsates in the same 
way as the current in the microphone. This current is 
again amplified by being sent through transformers and 
tubes until it is powerful enough to operate the electro- 
magnet in the loudspeaker. Then the diaphragm in the 
loudspeaker sends out sound waves that you hear. 
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Fig, 445. A television reecnver. The j>ictiire produced by the receiver 
is refie<ited from a mirror in the cover. (R. (^. A. l^aboratory photo) 

H OW DOES TELEVISION WORK? Uiiless you Uve in a part 
of the country where there are television stations, 
you have probably never seen a television set work. 
In a television set a picture of what is happening in the 
broadcasting station is sent to you by radio. You see the 
singer as you listen to him. In this respect, it is like the 
talking pictures in the movies. 

Television differs from or<linary radio in two important 
ways; First, light waves (insteail of sound waves) must be 
used to change the strength of the current sent out by the 
aerial. Second, the elecitromagnelic waves that can be 
used in television are very much shorter waves than those 
in the radio. They travel in straight lines, and the distance 
at which they can be used to operate receiving sets is very 
limited. So far, only a few large cities have television 
broadcasts, and these can be received for only a few miles 
from the station. 

In this elementary textbook you can get only a few 
general ideas of how television operates. At the sending- 
station the scene to be sent (televised) is illuminated with 
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a strong light. The objects in the scene reflect light to a 
camera-like piece of apparatus. The dark parts of the 
objects reflect less light than the light parts. The amount 
of light reflected from various parts of the object sets up a 
pulsating current in the camera-like apparatus. This pul- 
sating current controls the strength of the high-frequency 
waves sent out by the aerial of the sending station. At the 
receiving end the pulsating current that is produced 
operates a special kind of tube which forms a luminous 
picture of the object televised. 

Self-Testing Exercises 

1. How are radio waves produced? 

2. What is meant by ‘‘tuning” a receiving set? Why must it 
be in tune with the sending station? 

3. What effect do the electrical pulsations in a radio micro- 
phone circuit have on the waves that leave the sending aerial? 

4. Why does a receiving radio set need to be connected to a 
source of electric current? 

5. State one use of radio tubes. 

6. What is television? 

Problems to Solve 

1. How many differences can you find between radio waves 
and sound waves? 

2. How does a vacuum tube of a radio work? P^ind what you 
can about these tubes in reference books. 

3. How are electrical condensers used in radio sets? 

4. Examine the working parts of a radio set and learn what 
changes are made while the set is being tuned. 

LOOKING BACK AT UNIT 8 

1. All the useful things that electricity does are possible 
because of four or five effects that an electric current has. PVr 
example, an electric current can produce heat. 
a) Complete the list of useful effects of electric currents. 
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b) Under each effect, list the devices you have studied or know 
about that make use of that effect. For example, under the 
heating effect you would list electric irons and toasters. 

c) Under each effect explain what transformation of energy 
has taken place. 

Show that you know the meaning of the following terms: 
resistance {electrical) arc {electrical) commutator 

incandescent bulb volt brushes 

filament watt-hour meter electrolysis 

frequency (of radio waves) magnetic field transformer 

radio wave ion secondary coil 

ADDITIONAL EXERCISES 

1. Suppose that an electric bell rang very feebly. What 
might be the matter with it.^ 

Read about the scientific discoveries of Michael Faraday. 

3. Find out why a special circuit is usually put in a house 
when an electric range is installed. 

4. Find out the rate per kilowatt-hour in your city. Then 
figure out how much it costs to light your living-room for three 
hours. 

5. Why will you get a shock if you touch the spark plugs 
while an automobile engine is going 

6. Find out how the electrical system of an automobile is 
constructed so that it generates its own power, lights the lamps, 
turns over the starter, and supplies a spark to the spark plugs. 

7. Visit a telephone exchange and find out how two sub- 
scribers are connected with each other. 

8. Find out how automobile horns are operated. 

9. If there are any high-voltage lines near your city, find out 
the voltage at which the current was generated and the voltage 
sent through the line. 

10. Find out why direct-current generators are used on auto- 
mobiles rather than alternating-current generators. 

11. In reference books read about the discoveries of Andre 
Ampere and Alessandro Volta. 



Fig. 446. The world’s largest windmill harnesses the energy of the wind 
to produce 1000 kilowatts of electrical power. Built on a windy hill 
near Rutland, Vermont, its steel tower stands 120 feet high. The 
blades, which measure 175 feet from tip to tip, travel at speeds up to 
200 miles an hour in a strong wind. The energy of the wind is only one 
kind of energy that people have harnessed to do their work. In this 
unit you will find out some of the important things that scientists have 
discovered about energy and the ways of harnessing it. (Kurt Schell- 
ing Fortune photo by special permission) 
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UNIT 9 


HOW DO WE HARNESS THE ENERGY 
OF NATURE TO DO OUR WORK? 


INTRODUCTORY EXERCISES 

*1. Name the form of energy in each of the following: 

(a) a speeding automobile, (b) a piece of coal, (c) the water 
of a mountain lake, (d) the wind, (e) sunlight, (/) a gallon 
of gasoline, {g) a lifted weight, (h) a piece of bread. 

*2. (a) How does the sun make the wind blow? (b) How 
does the energy of the sun get into a piece of coal? 

*3. What important change of energy takes place while 
a piece of coal is burning? 

*4. Tell briefly the story of a drop of water as it travels 
from an ocean to a mountain stream. In which place does 
it have the more energy? 

5. Draw a simple diagram to show how water from a 
lake behind a dam reaches a water-wheel and turns it. 

6. How is steam produced to run a steam engine. 

7. (a) Tell all you can about how a locomotive works. 

(b) Where does the locomotive get energy to pull a train? 

8. What is a steam turbine? How is it different from a 
steam engine? 

9. Why does a gasoline engine need a carburetor? 
Spark plugs? Pistons? 

10. How is a Diesel engine different from the gasoline 
engine in an automobile? 

11. Fill in a table like the one below to show the uses 
of the different kinds of j^ower machines. 


Wind-Power 

Wa ter- Wheels 

Steam Engines 
and Turbines 

Gasoline and 
Diesel Engines 

Pumping water, 
etc. 

Etc. 
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Fig. 447. How the Romans built their roads. You can see many 
simple machines— inclined planes, levers, and wheels.. But the only 
power machines are the men and the animals that pull the carts. 
(U. S. Bureau of Public Roads photo) 

LOOKING AHEAD TO UNIT 9 

Y OU HAVE already learned what we mean in science 
when we talk about doing work. Work is overcoming 
some resistance, moving something that resists being 
moved. In this world there is a grejit deal of work to be 
done. Materials of various kinds have to be lifted, sawed, 
cut, ground, and mixed. Soil has to be cultivated. Tun- 
nels, ditches, and canals have to be dug. Water must be 
pumped, and fibers spun into thread, woven into cloth, 
and sewn into clothing. Men and goods must be carried 
about over the earth. Books, magazines, and newspapers 
must be printed. Radios, telephones, and telegraphs must 
be operated. As you know, energy is needed whenever 
any of these kinds of work is to be done. Let us see how 
man’s ways of obtaining energy to do this work have 
changed through the ages. 

When all men were savages, their work was done with 
their muscles; that is, they got energy in the food they 
ate and then oxidized the food in their muscles. This 
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Fig. 448. Fifty men pulled at fifty oars to move boats like this one 
through the water about 3000 years ago. Sometimes the sail harnessed 
the energy of moving air to add to the energy of the men. (Phila- 
delphia Commercial Museum photo) 

turned loose the stored energy of the food and made the, 
muscles move. W^ith their muscles men walked and ran, 
carried their burdens, built their crude shelters, made 
their clothing, and cultivated their crops. Later, men 
learned to tame animals and to make harness for them. 
Thus men could get much more work done with less effort 
on their own part. Yet the work was still done by muscles 
with the energy of food. As the centuries rolled on, the 
minds of inventive men saw that there was energy in wind 
and in the water of the rivers running down to the sea. 
So they hoisted sails of skins and crude cloth to harness 
the wind to their boats. They constructed windmills and 
water-wheels to run their mills. In all these ways they 
were discovering how to get more work done with less 
eftbrt on their own part. 

But some men seem never to be satisfied. They are 
always thinking up better ways of doing things. As far 
back as the time of the ancient Greeks, a few men had 
noticed that steam, produced with the heat of a fire, 
would exert great pressure and blow containers to pieces 
498 



Fig. 449. This ship is probably two or three times as large as the 
one shown in Figure 448. But one screw propeller turned by power 
machines moves the heavy ship more steadily and more swiftly 
than 200 men with oars could move it. 

if it were not allowed to escape. As a result of these 
observations. Hero of Alexandria made a kind of steam 
engine that would actually run. However, it was nothing 
more than a toy. It would not do much work. 

Not until about the year 1700 was the energy of steam 
successfully put into harness. About that time the miners 
of England were having great difficulty pumping water 
out of the mines. At some mines a.^ many as 500 horses 
were used on treadmills to run the pumps, lliis was very 
awkward and expensive. To run the pumps various kinds 
of crude steam engines were made, until finally, about 
1769, James Watt invented a quite efficient engine; it 
was much like the steam engines still in use. Soon steam 
had been harnessed to all kinds of jobs! It pulled trains, 
propelled boats, pumped water, ground grain, sawed 
wood, spun thread, and wove cloth. Still later, a wonder- 
ful kind of steam windmill, called the steam turbine^ was 
invented and put to work driving ships, pumping water, 
and generating electric current. The steam engine and the 
steam turbine can use the energy of fuels such as wood, 
coal, and oil to do work. 
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Fig. 450. In this tractor is a Diesel engine that harnesses the energy 
of oil both to move the tractor and to run other machines. Here the 
engine is furnishing power to run a water pump to irrigate 1000 
acres of walnuts, lemons, peas, and avocados on a ranch in California. 
(Caterpillar Tractor photo) 

Most steam power-plants are heavy and awkward. 
They can best be used in buildings, large boats, or loco- 
motives. So inventors kept trying to make a light kind 
of power machine to drive small vehicles and flying 
machines. Finally, about sixty years ago the gasoline 
engine was invented. As soon as it became dependable, 
it was used wherever a light and efficient engine was 
needed. It has been developed and improved until today 
we have powerful and economical gasoline engines. 

How are these power machines important to you? 
What difference do they make in your life? The answers 
to these questions depend on who you are and wVicre you 
live. On the average, machines are doing as much work 
for each person in our country as ten people could do 
working constantly. This means that, on the average, 
each of us can have better food brought greater distances, 
more and better clothing, better homes, more music, 
books, education, and leisure, and can travel farther and 
more easily than our great-grandfathers could. 
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Fig. 451. This picture shows the starting platform in the engine 
room of a great ocean liner. It takes all these devices, and more, 
just to regulate the power machines that are needed to run a modern 
steamship. (Cunard White Star photo) 

From these facts you cau see that the machines which 
harness the energy of nature are very important to you 
and to your country. You will want to know many 
things about them. How do windmills work? How can 
water-power plants make electrical current? How do 
steam engines work? What is a steam turbine? How does 
gasoline make an automobile go? How are Diesel engines 
different from other engines? What is horse-power? 
Where does all this energy come froni? What will happen 
when all our coal and oil are gone? In this unit you will 
find the answers to most of these questions. 

Problem 1 ; 

HOW IS THE ENERGY OF WIND AND WATER PUT TO WORK? 

Y OU HAVE often seen the wind doing work. The slightest 
breeze rustles the leaves of trees and moves their 
branches back and forth. A strong wind pushes you as 
you walk along, and sends hats whirling. Tornadoes tear 
houses apart and lift the pieces and carry them far away. 
Moving water does work, too. You have read in Science 
Problems^ Book 2^ how it carves great river valleys out 
of solid rock. Water can exert a greater force than wind 
and can move heavier objects because it is much more 
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Fig. 452 . If you have traveled through farming districts, you have 
seen many windmills at work. Wheels like this one harness the wind 
to pumps that lift water to the surfa<‘e of the ground for the farmer’s 
horses, hogs, and cattle. 

dense than air. But both wind and running water have a 
great deal of energy of motion, or kinetic energy. As you 
already know, man noticed this energy and began to put 
it to work for him a long time ago. It is doing much of 
the work of the modern world. Let us see how machines 
are arranged to harness this energy. 

H ow IS WIND HARNESSED? The first harness made for the 
wind was probably on some small prehistoric boat. 
It was, in some ways, much like the harness made for a 
horse. Men in the boat fastened a small sail to sticks of 
wood and held it up for the wind to push against, just 
as a horse pushes against the collar of its harness. Through 
the centuries men learned how to make better and bigger 
sails, and they fashioned ropes, masts, and spars to hold 
the sails and to move them so that they could use a 
greater amount of the wind’s energy. 

Thus, during all the centuries before steamboats were 
invented, man relieved himself of the work of propelling 
his ships by harnessing the wind and using its energy. 
But today, sails are seldom used except for pleasure 
boats and the boats of savages who have not learned to 
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Fig. 453. The crank shaft of an automobile engine is used to change 
the up-and-down motion of the piston into circular motion. This 
machinist is making a giant crank shaft to be used in an eight- 
cylinder, 1000-horsc-power Diesel engine for the light and power 
plant at Forest City, Arkansas. (Nesmith and Assoc, photo) 

use steam or gasoline engines. However, many windmills 
are still in use for doing work. 

Before you begin to find how these windmills work, 
think about what we mean by ""harnessed” energy. You 
have already learned that there are several different 
forms of energy, such as kinetic energy, potential energy, 
radiant energy, heat, and electric energy, and that one 
kind of energy can be easily changed into another form 
of energy. To do work we usually need the energy of 
motion, or kinetic energy, instead of potential energy. 

Two forms of motion are most often needed by the 
machines that do our work. One of these is back-and- 
forth motion, such as we find in a tire pump or a water 
pump. This is known to engineers as reciprocating motion. 
The other kind of motion is the round-and-round motion 
that is used with wheels. This circular motion is often 
called rotary motion. In the modern machines for harness- 
ing energy you will notice either reciprocating motion or 
rotary motion or both. What each power machine does 
is to change the kind of energy it receives into recipro- 
cating motion or rotary motion. Then it can conveniently 
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be used to do work for us, and we 
can say that the energy has been 
harnessed. 

The energy of wind is already 
kinetic energy, because wind is air 
that is moving. All that we need to 
do to harness wind to a machine is 
to get the moving air to make 
something go round and round or 
back and forth. You have prob- 
ably played with a toy windmill 
and watched it spin in the wind. 
If not, you can easily make one. 

Expeiument 47. How Does a Toy 
Wmdmill Work? Whittle a propeller 
from soft pine or balsam wood. Be 
sure that the blades are sloped as 
shown in Figure 455. Bore a small hole through the center 
and fasten the propeller on the eraser of a pencil with a pin. 
If you prefer, you may make a paper “pin-wheel.” Blow on 
your windmill or liold it in a breeze. Does it turn? Why? 

In the last few years many windmills like the one in 
Figure 454 have been put on the tops of farm buildings. 
These new windmills generate electric current for many 
purposes. The windmills attached to elec- 
tric generators work just like your little 
wooden propeller. Notice Figure 454. The 
wind strikes the upper blade at an angle. 

Since the blade cannot move in the same 
direction as the wind, it tends to move to 
the right. The lower blade slopes the oppo- 
site way. Thus it tends to move to the left 
as the wind goes past it. With one blade 
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pushing to the right and the 
other to the left, the shaft of the 
windmill turns and drives an elec- 
tric generator. In this way the 
constant forward motion of the 
wind is changed into the rotary 
motion needed for the generator. 

Small windmills of this type have 
been made so efficient that one 
foot of wind pushes the tip of a 
propeller through a distance of 
thirteen feet. These windmills are 
changing the energy of moving 
air into electric energy for thou- 
sands of homes and factories far 
distant from electric power lines. 

The windmills that pump water work in just the same 
way as the two-bladed mill, but they have more blades to 
face the wind. Therefore they exert more force. To oper- 
ate a pump, the rotary motion must be changed into 
reciprocating motion. To do this, two small gear wheels 
on the shaft of the propeller turn two large gears (Figure 
456). A few inches from the center of each large gear 
wheel is a short pin extending out something like the 
handle of a crank. This is called an eccentric (meaning 
“off center”). 

Attached to the two eccentrics are two rods with a 
crosspiece at the top. As the eccentrics rotate, the cross- 
piece moves up and down and works the pump rod. Thus 
the rotary motion of the propeller is changed to the recipro- 
cating motion of the pump rod. The propeller is fastened 
to a pivot and provided with a “tail,” or fan, so that 
the propeller always faces thp wind when running. The 
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propeller can be turned j>arallel to the tail. Then it no 
longer faces the wind and will not rotate. 

The energy of the wind is free, but it is very unreliable. 
Furthermore, very large windmills are exceedingly hard 
to build. Any wheel large enough to develop as much 
power as an automobile engine would be very expensive 
and would be likely to blow down in the first wind-storm. 
So long as there are other good sources of energy, wind 
power will be used only for small jobs in the country. 

Self-Testing Exercises 

1. Name three kinds of work done with the energy of wind. 
What is rotary motion? Reciprocating motion? 

3. Tell how a simple windmill changes the motion of the 
wind into rotary motion. 

4. Give one reason why we do not use the wind to do much 
of our work. 

H OW DO MODERN WATER-POWER PLANTS WORK? Only 
a few of the water-wheels of colonial days in our 
country are still in use. Many that are still running are 
of value chiefly as antiques. These wheels were of two 
main types, the imdershot wheel and the overshot wheel. 
The undershot wheel was used where there was a great 
amount of water from a low dam. The kinetic energy of the 
water striking the blades at the bottom of the wheel was 
transferred to the wheel and changed to rotary motion. 

The overshot wheel (P^igure 458) worked best where a 
higher source of water was available. The water at the 
top of this wheel possessed potential energy. It was 
poured into the “buckets” of the wheel. As gravity pulled 
it downward, the potential energy of the water changed 
into kinetic energy and made the wheel rotate. You can 
see that both these kinds of water-wheels are simple 
wheel-and-axle machines. The force of the water acting 



Fig. 457. An undershot water- Fig. 458. An overshot water- 
wheel in New York State (H. W. wheel at Dillingham, No. Car- 
Fechner photo from Nesmith Assoc.) olina (Nesmith and Associates) 

on the rim of the wheel exerts a greater force and does 
work near the axle. 

Scattered here and there along the streams of our 
country are many small water-power plants used for 
small mills and small electric generators. However, the 
most important plants are those at great dams or falls 
where large amounts of water are available. Table 3 
gives a number of the large plants and the amount of 


TABLE 3. Some of the Gueat Water-Power Plants in the 
United States 


Place 

Stream 

Horse-Power 

Produced 

Planned for 
Future U.se 

Niagara Falls, N. Y. . 

Niagara River. . . . 

950,000 

9;50,000 

Boulder Dam 

Colorado River. . . 

1,388,000 

1,772,000 

Conowingo, Md 

Susquehanna 

378,000 

378,000 

Keokuk, Iowa 

Mississippi River . 

150,000 

300,000 

Bonneville, Ore 

Columbia River . . 

695,000 

695,000 

Grand Coulee, Wash. . . 

Columbia River . . 

1,096,000 

2,646,000 

Wilson Dam 

Tennessee River. . 

260,000 

610,000 

Approximate Total in 



(Available) 

United States 


18,862,000 

43,000,000 
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Fig. 459. This is the Diablo Dam and power house on the Skagit 
River, Washington. Water from the lake back of the dam is carried 
in a tunnel down to the power house shown in the lower part of the 
picture. (Westinghouse photo) 

horse-power produced at each place. In some of these 
huge power plants there are single wheels that deliver 
harnessed energy at the rate of 50,000 horse-power. The 
largest ever made are used in the Grand Coulee power 
plant on the Columbia River. These wheels can j^roduce 
over 100,000 horse-power. T^et us get a clear picture of 
how water is used by these huge wheels. 

Usually the first step in harnessing the energy of a 
stream is to build a dam across a large river, as was done 
at Keokuk, Iowa, and also at the Boulder Ham. Such 
a dam holds back the water and creates an artificial lake 
and a waterfall. Then, as the water drops from the top 
of the lake to the lower side of the dam, it gives its poten- 
tial energy to the wheel. In other places, as at N^iagara 
and in the mountains of the West, there is a sufficient 
natural fall of the water. Dams are needed only to store 
water and to guide it into canals, tunnels, and pipes that 
carry it down to the wheels. 

The amount of harnessed energy that can be obtained 
for a water-wheel depends on three factors : The first 




Fig. 460. These two huge Pclton wheels are attached to the axle of 
an electric generator. With a 700-foot head of water they will turn 
the armature at a speed of 300 revolutions per minute to produce 
5000 horse-power. (Allis-Chalmers photo) 

of these factors is the amount of water that goes through 
the wheel. The second factor is the distance between the 
water above the dam and the water below the dam. This 
distance is known as the head of water. Each pound of 
water can do one foot-pound of work for each foot of 
head it has. Thus, a cubic foot o! water (62.4 pounds) 
with a head of 50 feet possesses 3120 foot-pounds of 
potential energy (62.4X50). The third factor of such a 
wheel is its efficiency (see page 223). The efficiency tells 
how much of the energy of the water is harnessed. Thus, 
if a water-wheel is 50 per cent efficient, it harnesses only 
one-half of the energy of the water that goes through it. 

The water-wheels in modern power plants are of two 
types, Pelton wheels and turbines. The Pelton wheel is a 
kind of undershot wheel that is most useful where water 
can be brought from a great height. On the rim of the 
wheel is a row of carefully curved '‘buckets” (Figure 460). 
The wheel with its buckets is placed inside a strong case. 
The water, under great pressure, is led into the case and 
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Fia. 461. A 13,500 horse-power turbine 
with the generator that it drives. The 
turbine wheel, or rotor, is the propeller- 
like device at the very bottom of the 
picture. Water enters the turbine from 
the dark space at the right, through 
the guide blades just above the rotor. 
Notice how small the man looks stand- 
ing beside the generator. (Allis-Chal- 
mers photo) 

shot against the buckets by a 
large nozzle, much like that of a 
garden hose. The shape of the 
Pelton nozzle is very carefully 
planned to give the greatest pos- 
sible speed to the vv^ater. The 
moving water then gives almost 
all its motion to the wheel which 
turns at a terrific speed. Some 
such wheels use water with a 
head of 2000 feet. As much as 
eighty-five per cent of the energy 
of the water is given to the wheel for doing work. Some 
Pelton wheels produce more than 20,000 horse-power each. 

By far the larger number of modern water-wheels are 
turbines (Figures 461 and 462). Water enters the turbine 
between guide blades fastened to the stationary part, or 
case. The guide blades direct the water against the blades 
on the wheel, or rotor. All the passageways ^br the water, 
as well as the guide blades and the blades of the rotors, 
are carefully curved and streamlined to make the turbine 
as efficient as possible. Some turbines are 95 per cent 
efficient. In most cases these large Pelton wheels and 
turbines are connected to electric generators. Thus the 
harnessed energy of the moving water is sent in the form 
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Fkj. 46^. Ix>wering a giant turbine rotor into the pit. Notice that 
in this rotor the blades can be adjusted so that the water will strike 
them at just the right angle to make the turbine operate most 
efficiently. (Allis-Chalmers photo) 

of electrical cvirrent to the homes, factories, and office 
buildings where it is used. 

Only about 40 per cent of the available water power 
in the United States has been harnessed. At first thought 
you would wonder why all the water power is not har- 
nessed, because it has such great’ advantages. But there 
are two great disadvantages that often outweigh the 
advantages. Much of the water available for power is in 
mountainous regions far from railroads and cities. In such 
places there is little need for harnessed energy, and electric 
current cannot be economically carried over wires more 
than about 250 miles long. The second great disadvantage 
of using water power to generate electrical current is the 
cost of building the dams, pipe-lines, and power plants. 

Self-Testing Exercises 

1. Name two types of old-fashioned water-wheels and two 
types of modern water-wheels. 

2. State three differences between the two kinds of modern 
water-wheels . 
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3. Turn to your answer that you wrote for Introductory 
Exercise 5. If it was not well done, answer the question again 
with your book closed. 

4. What three factors determine the amount of energy that 
can be delivered by a water-wheel? 

5. How are turbines built to make them very efficient? 

6. State two advantages and one disadvantage of using 
water power from a river to light a town and run factories on 
the banks of the river. 

7. Why is only 40 per cent of the water power in the 
United States now harnessed? 

Problems to Solve 

1. Do you think that wind power or water power is more 
important in our country at the present time? Give reasons 
for your answer. 

2. Compare the advantages and disadvantages of wind 
power and water power. 

3. The head of water at the Niagara Palls power plants is 
about 150 feet, (a) How much energy would ten cubic feet of 
water have before going through a water-wheel? (b) How much 
harnessed energy would be obtained from that much water if 
the wheel were 90 per cent efficient? 

4. A turbine that uses a head of 45 feet is 90 per cent efficient 
and does 50,625 foot-pounds of work per second. How much 
water passes through it in one second? 

5. What interesting facts can you learn about the great 
water-power plants of this country? Choose one of the plants 
listed in Table 3 and learn all you can about it. Make a 
report to your class. 

6. Build a working model of an overshot or an undershot 
water-wheel. 

7. How did water power influence the location of cities in 
the eastern part of the United States during the years when 
our country was being settled? See what you can find about 
this problem in history books and encyclopedias. 
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up and destroy everything around them. The danger of 
having boilers explode from too much pressure was almost 
done away with when someone invented a safety valve. 
Figure 470 shows one kind of safety valve. The steam 
inside the boiler is always pushing against the valve. 
When the pressure becomes too great, the valve lifts the 


weight and lets out some steam. In another type of safety 
valve, the valve is held shut by a 
spring. Each boiler is also equipped 
with a steam-pressure gauge, to tell 
how hard the steam is pushing out- 
ward, and a water gauge to show 
how much water is in the boiler. 

What would happen to a boiler 
if there were a hot fire under it 
and no water in it? 

Now let us be sure that you see 
clearly how a boiler helps harness 
the energy of coal. The coal holds 
the energy captive. The chemical’ 
energy in the coal does nothing I tehl? 
until it is set free by destroying ^ig. 46!). A water-tube 
the coal. In the fire inside the rteaiu boiler 

boiler, oxygen burns the coal and stow-oFF ript 

changes it into something else. / 

Like .some bewitched prince in a 
fairy story, the chemical energy 
of the coal is freed and changed 
into heat. The heat is conducted 
through the steel of the boiler and 
into the water. There the heat 


stmm'*?:*' 


,8L0W-0FF em 


changes the water into steam, 470. One kind of 
whose force can do work. steam safety valve 
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Self-Testing Exercises 

1. Why is coal valuable? 

2. What are the two main uses to which the energy of coal 
is put? For which one is more coal burned? 

3. Describe the main steps in using the energy of coal to 
turn wheels. 

4. With your book closed, draw a simple diagram of a fire- 
tube boiler or a water-tube boiler. Use one color or shading to 
show where the hot gases go, another to show the water, and a 
third to show the steam. Write a paragraph that explains 

what your diagram shows. 

5. Why is a safety valve found on 
every steam boiler? Tell how a safety 
valve works. 

H ow DOES STEAM RUN AN EN- 
GINE? You have now seen 
how the energy from coal forms 
steam. Your next problem is to 
find out how the steam is harnessed 
to the wheels by a steam engine. 
Have you ever heated water in 
a test-tube and let it push the 
.stopper out? If so, you have seen a 
steam power plant at work. One 
end of the test-tube was the boiler; the other was the cyl- 
inder. The stopper was the piston for the steam to push. 

The steam engine has a cylinder to hold steam while 
it works, and it has a piston that fits closely inside the 
cylinder (Figures 467 and 472). But an engine has several 
parts that your test-tube power plant does not have. 
First, the piston is connected to a crank so that it will 
turn a wheel when the steam pushes it. Second, there are 
pipes . and valves to let the steam into and out of the 
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cylinder. To push the piston one way, the steam must 
go in on one side of the piston. To push it back again, 
the steam must go in on the other side. 

Figure 472 shows a common type of engine cut open 
so that you can see how it works. The steam comes from 
the boiler through a pipe (1). It' enters the steam chest 
(2) and goes past the slide valve (3). Then it passes 
through an opening into the cylinder. There the steam 
presses against all sides of the cylinder and against the 
piston (4). The piston is the only part that can move. 
Thus the steam puvshes the piston to the right and turns 
the flywheel. Soon the piston stops because the crank 
will not let it go any farther. 

Just before the piston stops, the rods attached to the 
slide valve move the valve to the left to the position 
shown by dotted lines. Now the steam can escape from 
the left end of the cylinder and go out through the 
exhaust pipe (5). At the same time the steam from the 
boiler can go into the right end of the cylinder and push 
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Fuj. 473. A steam engine attached to a generator in a light-and-power 
plant. This engine is one of the most efficient kinds. It has a special 
valve arrangement invented by a man named Corliss, for whom the 
engine is named. It also uses the steam twice — once in the cylinder 
at the left (to which the steam pipe goes) and again in the larger 
cylinder at the right. The generator and the flywheel are between 
the two halves of the engine. (Allis-Chalmers photo) 

the piston back. When the piston reaches the left end, 
the slide valve changes, and again the piston is pushed 
to the right. This action occurs over and over again, 
sometimes very rapidly and at other times so slowly 
that you can count the motions of the piston rod. The 
connecting rod and the crank change the reciprocating 
motion of the piston rod into the rotary motion of the 
crank shaft and the flywheel. 

There are two points where the piston cannot move 
the crank and flywheel no matter how hard it pushes. 
These points are at the ends of the cylinder when the 
connecting rod and the crank are in a straight line. 
These two places are known as the dead points. There 
the crank is said to be on dead center. One important 
reason for having a flywheel is to keep the engine from 
slowing up or stopping on dead center. The flywheel has 
much inertia. Therefore, when it has been started by a 
strong push of the piston, it keeps on turning and carries 
the crank past the dead points. The rods that move the 
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Fig. 474. The “insides” of a steam locomotive 


valve may be attached to the engine in different ways. 
The common way is to liave a small crank or eccentric 
on the crank shaft. This crank is arranged so that it moves 
the valve rods back and forth at just the right times. 

Look at the locomotive in Figure 474. As you have 
already learned, the larger part of the locomotive is a 
boiler. On each side near the front is a steam engine. 
These two engines drive the locomotive. In this picture 
you can see the cylinder of one of the engines. A large rod 
connects the piston in the cylinder to the middle driving 
wheel. A complicated set of rods and levers works the 
valve in the box ju.st above the cylinder. The engine on 
the opposite side of the locomotive is attached to its drive 
wheel in such a way that when one engine is passing its 
dead point, the other is at the top or bottom, exerting its 
greatest force. Thus there is no point at which the loco- 
motive can stop with both engines at their dead points. 

Do you know why a locomotive or thresher engine 
“puffs”? It is because the exhaust pipe from the cylinder 
opens into the smoke-stack. Every time a valve lets the 
used steam out of one end of a cylinder, there is a puft‘ of 
steam in the stack. One of the earliest inventors of loco- 
motives thought of this plan to make a strong current of 
air through the fire. 

For over a hundred years the type of steam engine 
invented by Watt was in u.se all over the world to provide 
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power for propelling ships, running factories, and pump- 
ing water for our cities. This type of engine is, however, 
very ineflSicient. The best of this kind can harness only 
about 20 per cent of the energy of the fuel used in the 
boiler. Gradually such engines are being replaced by steam 
turbines, about which you will learn in the next few pages. 
Self-Testing Exercises 

1. Tell what each of the following does to help steam turn 
the flywheel of a steam engine: (a) piston (b) piston rod 
(c) crank (d) slide valve (e) slide-valve eccentric. 

2. Name two ways in which a locomotive is different from 
the steam engine shown in Figure 472. 

3. Tell the story of some energy from the time it is in coal 
in a bin until it has changed into the kinetic energy of a loco- 
motive wheel. 

Problems to Solve 

1. If the slide valve shown in Figure 472 were in the position 
shown by the dotted lines, how would the other parts of the 
diagram need to be changed? Make a copy showing the changes. 

2. (a) How many times does a locomotive puff during one 
revolution of the drive wheels? 

(b) How would the slide valve of a steam engine need to 
be changed to make it run backward? 

3. Most steam engines are equipped with governors to regu- 
late their speed. How does a governor work? 

4. If possible, visit a railroad yard or other place where you 
can see a steam engine. Ask the man in charge to tell you 
what each part of the engine does. 

5. Make a cardboard or wooden model like Figure 472. Make 
the slide valve and piston with their rods of separate pieces of 
material so that you can move them back and forth to help 
your classmates understand how a steam engine operates. Per- 
haps you can arrange a crank and crank shaft that will turn 
and move the slide valve at the proper time. 



■ 

Fi«. 475. A simple steam turbine with three sets of blades. Steam 
enters at the left and strikes each set of blades in succession before 
it is exhausted and passes out at the right. The upper half of the 
case has been removed. (Westinghouse photo) 

H OW DO STEAM TURBINES WORK? Go into any really 
modern steam power plant and ask to see the engines. 
The engineer will probably lead you to a large painted 
“box.” If you insist on seeing the engine, he will tell 
you that this box is a steam turbine. He will also tell you 
that it is doing the work of 1000 horses in a space about 
one-tenth as large as a recij^roeating engine would need 
and less than would be needed to 'care for three horses. 

When you learn these facts about the innoc!ent-k)oking 
“box,” you begin to get interested in it. Nothing very 
much seems to be happening, except that a kind of steady 
roar fills the space around you. Looking more closely, 
you see that a large shaft that seemed to be standing 
still is really spinning with terrific speed. What makes 
it spin? Inside the painted metal box is a kind of wind- 
mill run by steam. Steam from a boiler enters the box and 
rushes from one end to the other at speeds up to 1000 
miles an hour. The blades of the “windmill” change the 
energy of this rushing steam directly into rotary motion. 
You can probably understand the principle of a steam 
turbine most easily by seeing a model turbine run. 
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Fig. 476. How to make a model steam turbine 


Expkkimknt 48. Henv Does a Steam Turbine Work? Make a 
model steam turbine as shown in Figure 476. A large cork or 
cylindrical piece of wood can be used for the wheel. Cut the 
blades from a tin can and push them into knife cuts in the rim 
of the wheel. When the wheel is ready and turns very easily, 
heat water in the flask to make steam. Be Careful. Very high 
pressure in the flask may himv the stopper ont and scald someone 
with the steam and hot water. Avoid this danger by pressing the 
stopper in only lightly and using a low flame after the water 
begins to boil. If your wheel is ]iroperly made, the steam from 
the nozzle should make it spin rapidly. 

A turbine like yours was made 300 years ago, before 
steam engines were invented. However, it never de- 
veloped very much power; it was considered to be nothing 
but an interesting plaything. In 1889 Carl De Laval, a 
Swedish inventor and engineer, wanted to make steam 
spin a part of a cream separator very rapidly. To do this, 
he made a wheel very much like yours and arranged 
several nozzles to send steam against the blades, as shown 
in Figure 477. By various improvements he soon made a 
wheel that turned 30,000 revolutions per minute. Today 
you can see a steam turbine of this type somewhere on 
the side or top of every large steam locomotive. Usually 
there is a little cloud of steam escaping from it. It is 
generating electricity for the lights of the locomotive. 
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However, the large turbines in power plants and ships 
are made somewhat differently. Instead of having a 
single row of blades on a wheel, the shaft carries many 
rows of blades (Figure 478). The steam strikes the smallest 
row of blades from the side. Then a row of stationary 
blades fastened to the cover of the wheel turns the steam 
so that it gives the second 
row of moving blades a 
push. The steam then passes 
row after row of stationary 
blades and moving blades 
until it has lost almost all 
its energy. From the ease of 
the turbine the steam goes 
into a eool plaee where it 
is condensed. The water is 

then sent back to the boilers ^ t i . 

, , . Fig. 477. A Dc Laval turbine 

to be used over again. 

The turbines that are used to drive a modern ocean 
liner have more than a million blades. The edge of the 
wheel travels at a rate of more than 400 miles an hour, 
and it is so close to the case that uneven heating will make 
the blades touch the case and be ruined. Several turbines 
have been built that produce more than 200,000 horse- 
power from a single machine. Often the shaft that carries 
the blades of a turbine has on the other end an electric 
generator. In such machines as much as 100,000 kilo- 
watts (132,700 horse-power) of electric power is produced 
with only one main moving part for both the turbine and 
generator. 

Turbines have several advantages over reciprocating 
engines. They take up much less space in proportion to 
the power they produce, and they run more smoothly. 





Fig. 478. Here is the inside of a giant steam turbine with sixteen 
sets of blades. The biggest wheel of blades is about fifteen feet in 
diameter- The steam enters this turbine at the center and moves 
toward both ends. (Westinghouse photo) 

They are more efficient, for a good turbine power plant 
uses about 28 per cent of the energy of the fuel. They 
produce rotary motion directly from the steam ; therefore 
there are fewer moving parts and less friction. 

However, as you would expect, there are also certain 
disadvantages of turbines. They cannot well be run 
slowly. They run so fast that gears must be used to re- 
duce their speed for pumps and ship propellers. Successful 
turbines are much more difficult to build than engines. 
The slightest flaw may cause a huge machine to tear 
itself to pieces and do a hundred thousand dollars worth 
of damage. Turbines c’annot be reversed, while an ordin- 
ary engine runs just as well backward as forward. Can 
you imagine how ships and locomotives driven by turbines 
can be reversed? 

A number of locomotives have been built with turbines 
to drive them instead of steam engines. If these prove 
successful, you may soon see this new kind of locomotive 
pulling our trains more quietly and efficiently than the 
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kind that has been in use for more than 100 years. The 
harnessing of energy through steam is one of the great 
influences that has made our world different from the 
world as it was 200 years ago. Take advantage of every 
opportunity to learn more about steam power and to 
watch steam engines and turbines at work. 

Self-Testing Exercises 

1. For what purposes are steam turbines most useful? 

2. How does a large turbine use the steam more than once? 

3. (a) Explain three or more advantages steam turbines 
have over steam engines, (b) Explain two or more disadvan- 
tages that they have. 

Problems to Solve 

1. Make a list of the problems you think the inventors 
needed to solve in producing efficient turbines. 

2. Where does the electric-power company in your locality 
obtain its electric power? Perhaps you can get permission to 
visit the plant and learn how the generators are driven. 

Problem 4: ^ 

HOW IS THE ENERGY OF FUELS HARNESSED BY INTERNAL- 
COMBUSTION ENGINES? 

Y OU HAVE seen that steam power plants harness energy 
in two steps: (1) The fuel is burned to make steam. 
(2) The steam runs an engine or turbine. This plan re- 
quires, in addition to the engines, heavy boilers filled 
with water and a supply of fuel. Such engines can usually 
be used only where a heavy power plant is possible: in 
stationary power plants, in steamships, and in loco- 
motives. Inventors long ago saw that if they could re- 
lease energy and harness it all in one step, they would 
have a much lighter harness. What they needed was an 
engine that burned the fuel in the cylinder instead of in 
a separate boiler. 
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Fig. 479. A cut-away view of a 
modern automobile engine. This 
is known as the over-head valve 
typo of engine. Find out how 
the valves are arranged in other 
types of engines. Also find out 
the purpose of any of the labeled 
parts that you do not know' 
about. After you have studied 
the next few pages, examine this 
picture again to see how many 
of the parts you can explain, 
(General Motors photo) 

From about tlie year 
1800 inventors were hard 
at work on the problem of 
making an engine that 
would burn the fuel inside 
itself so that it would not 
need a heavy boiler. By 
1880 a few engines were 
being made that burned 
the fuel in the cylinder. 
Because they burned fuel 
inside themselves, they 
were called internaUcom- 


bustion erigines. Today the wide use of automobiles, 
trucks, tractors, and airplanes proves that this new light 
harness for using the energy of burning gas is successful. 

Watt's early steam engine weighed nearly a ton for 
every horse-power of energy it harnessed. But a ton of 
metal in an airplane motor produces 2000 horse-power. 
About three-fourths of all power produced in the United 
States is obtained from internal-combustion engines. 
They are the kind of power machines you see most often. 
Let us find out how these engines work. 
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H OW CAN A FIRE PRODUCE A PUSH? To Understand how 
internal-combustion engines work, you must first 
learn how fuel can be burned in a closed place and how 
it can give a push because it is burning. A simple experi- 
ment will show us how this is possible. 

Experiment 49. How Does a Mixture of Has and Air Burn? 
Obtain a friction-top tin can about three inches in diameter 
and five inches high. With a large nail make a hole in the fid 
and one in the side near the bottom. Enlarge the hole in the 
side until it is about three-eighths of an inch in diameter. Fill 
the can with illuminating gas through a rubber tube leading 
to the hole in the side. Turn off the gas. Remove the tube and 
immediately bring a lighted match to the hole in the top. The 
gas should catch fire and burn quietly. 

Stand back several feet and watch the flame. Air is entering 
the hole at the side of the can and mixing with the gas. How 
does the color of the flame change as the percentage of air 
becomes greater? What happens just as the flame seems about 
to go out? 

The tin can in this experiment is really a crude internal- 
combustion engine. The can is the cylinder; the lid is the 
piston. Gas is the fuel that contains the chemical energy 
to be released. When just the right percentage of oxygen 
became mixed with the gas in the can, you probably had 
what you would call an explosion. This explosion was 
only a very rapid burning of all the gas that was left in 
the can. The chemical energy of the fuel changed to heat 
energy in the ga.ses in the can. The gases include much 
air mixed with carbon dioxide (CO 2 ) and water vapor 
(II 2 O) from the burning fuel. See Book 1, pages 194-195. 

The heat made the molecules of these gases fly in all 
directions with much greater speed. In other words, the 
heat made the gases expand very quickly. The result was 




Fig. 480. The parts of a simjjle one-c*ylinder gasoline engine 


that the can lid flew off with a bang. The chemical energy 
of the fuel had been changed into the kinetic energy of 
the moving lid (or piston). Notice again what was done 
to make the fuel push off the lid: (1) You got the right 
mixture of air and fuel in the can. (2) The mixture was 
ignited by the flame. All internal -combustion engines do 
these same things. In addition, they compress the mixture 
to get more energy out of it, and they let out the burned 
gases to make room for a new mixture. 

H ow DOES THE ENERGY OF BURNING FUEL RUN A 

GASOLINE ENGINE? Like a steam engine, a simple 
gasoline engine has a cylinder, piston, crank, crank shaft, 
eccentrics, and a flywheel. Find these parts in Figure 480. 
In addition, the gasoline engine needs two parts that a 
steam engine does not have: (1) It must have a way to 
mix the gasoline with the air. (2) It must have a way to 
ignite the gasoline at the right time. The carburetor mixes 
air and gasoline in the right proportions, and an electric 
spark sets the mixture on fire. 

Let us now follow some gasoline into a one-cylinder 
gasoline engine and see what it does and how it gives its 
energy to the engine. Look at Figure 481 to help you 
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Fig. 481. How a gasoline engine harnesses energy. Be sure that you 
ean explain what happens during ea<*h stroke. 

understand what happens. To start the engine, the c rank 
shaft must be turned. This may be done by hand (with 
a crank) or by an electric motor. Tet us suppose that 
the piston is at the top of the cylinder. 

(1) Intake stroke. As the crank shaft begins to turn, 
an eccentric pushes the intake valve open. Then the piston 
moves downward. This leaves a partial vacuum in the 
cylinder. Air pressure from the outside forces air in 
through the carburetor. As this air goes rapidly past 
nozzles in the carburetor, it takes with it the right amount 
of gasoline in the form of vapcjr, or a fine spray. Just as 
the piston reaches the bottom, the intake valve closes. 
The intake stroke has been completed. 

(a) Compression stroke. On its way up, the piston 
presses the mixture of gasoline vapor and air into about 
one-seventh of the space it filled at first. When the piston 
reaches the top, it has finished the compression stroke. 

(3) Power stroke. Just as the piston stops rising and 
starts down, an induction coil and other electrical devices 
make a hot spark leap the gap between the two wires in 
the spark plug. This spark sets the gasoline on fire, and it 
burns with great rapidity. The gases in the cylinder get 
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very hot, and their pressure goes up to hundreds of pounds 
per square inch. Therefore the hot gases give the piston a 
tremendous push on its way down. The crank shaft and 
flywheel start turning rapidly. They have received kinetic 
energy from the burning of the fuel! The 'power stroke 
has occurred! 

(4) Exhaust stroke. As the piston reaches the bottom 
of the cylinder with the hot gas against it, the exhaust 
valve opens, and the hot gases shoot out through the 
exhaust pipe. If the exhaust is open to the air, there is a 
loud bang. Usually, however, there is some kind of a 
muffler to let the gases out more quietly. The inertia of 
the flywheel and the crank shaft keep them turning, and 
they push the piston upward. This fourth stroke of the 
piston sweeps the remainder of the burned gases out of 
the cylinder. Then the exhaust valve closes, and the 
stroke has been completed. 

However, the engine does not stop. The spinning fly- 
wheel and the crank shaft open the intake valve and 
carry the piston down on a new intake stroke and up on 
a compression stroke. Then there is another great push 
during the second power stroke. Our engine is running! 
It is getting the energy to run directly from the gasoline. 
The series, or cycle, of four strokes is repeated for every 
push the piston gets. Because of this method of opera- 
tion, the ordinary gasoline engine is said to be a four- 
strolce cycle engine or, for short, a four-cycle engine. A 
somewhat different kind of engine has a two-stroke cycle; 
every downward stroke is a power stroke. Many two- 
stroke cycle (or two-cycle) engines are used on motor- 
cycles, outboard motorboats, washing machines, and 
home electric generating plants. 

As you have seen, the piston of a four-stroke cycle 
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engine gets a push only once in four strokes. As a result, 
the power from a single cylinder is rather irregular, and 
the flywheel must be quite heavy to smooth out the jerks. 
I'o get more power and an even flow of power, most 
internal-combustion engines have four or more cylinders. 


Six and eight cylinders are 
now most common in auto- 
mobile engines. Twelve-cylin- 
der automobile engines and 
thirty-six cylinder airplane 
engines are not uncommon. 

As you can easily under- 
stand, the parts of the gasoline 
engine that you have seen 
at work must be helped by 
many other parts to keep the 
engine working successfully. 
A modern automobile engine 
has at least four systems of 
parts. The first is the fuel 
system. The gasoline for fuel 
is usually carried in a tank at 
the rear end of the car. A 
pipe leads from this tank to a 
fuel pump. The pump keeps 
a little tank in the carburetor 



full of gasoline all the time. 
Usually there is a little cup 


r iG. W. A nino-oylindiT air- 
plane motor (R. 15. Hoit photo) 


and screen between the tank and pump to remove water 


and dirt from the fuel before it reaches the carburetor. 


An electrical system serves several useful purposes. 
Most important, of cour.se, is the production of a spark 
in each cylinder at the right moment. A sixteen -cylinder 
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motor may run at the rate of 3000 revolutions per minute. 
In that time there must be 24,000 separate fires started 
in the cylinders, each one at just the right time. A distribu- 
tor with wires sends electricity to each spark plug at the 
proper time. In addition, the electrical system has a 

starting motor to start the 
gasoline engine, a generator 
throttle valve to make the electric current 

while the engine is running, 
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Fig. 483. This simplified drawing air-tight in the cylinders 
of a carburetor will help you 

understand how the carburetor . 

the piston and on the walls 

of the cylinder. The lubrica- 
tion system keeps the engine oiled. Its main parts are: a 
reservoir of oil in the bottom of the engine, a pump, and 
pipes leading to all the parts that need oil. 

You have seen that the burning of gasoline in the 
cylinders produces very high temperatures. Some of this 
heat is used in pushing the pistons, but no one has found 
a way to use all of it. If this extra heat were left in the 
engine, the cylinders would soon get red-hot and be 
ruined. To prevent such damage is the work of the cooling 
system, A hollow space around each cylinder, the water 
jacket^ is filled with water. A pipe leads hot water from 
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Fig. 483. This simplified drawing 
of a carburetor will help you 
understand how the carburetor 
works. 
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these water spaces to many copper tubes in the radiator. 
As this hot water passes down through tlie radiator, heat 
is conducted from the water into the air. A fan keeps the 
hot air moving away, and the cooled water returns to the 
motor for more heat. A water pump keeps the water <‘ir- 
ciilating through tlie ra<lia- 
tor and the engine. 

From this brief de.scrip- 
tion you can see that an 
automobile engine is a very 
intricate and carefully made 
machine. Each one of hun- 
dreds of parts must be in 
good condition and exactly 
adjusted for the engine to 
run properly. Only an ex- 
pert engineer or mechanic 
can tell exactly what the 
parts are for and how the>' 
must be adjusted, but you 
can understand why the 
engine runs and how it gets 
the energy from the gaso- 
line in the tank. The time may come when you will have 
an automobile of your own. If you understand how it 
works, you can handle it more intelligently and avoid 
unnecessary damage to it. Many people ruin automobiles 
and cause themselves much expense because they do not 
understand how they work. 

Self -Testing Exercises 

1. Why is an automobile engine called an internal-com- 
bustion engine? 

Write down from memory the four strokes of a piston in 



Fig. 48 The parts of a gasoline- 
engine spark plug 
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a gasoline engine. After each one tell briefly what happens 
during the stroke. 

3. (a) During which stroke or strokes must the intake valve 
be open? (6) During which stroke or strokes must the exhaust 
valve be open? (c) During which stroke must both be closed? 
In each case tell why. 

4. Why is there greater pressure on the piston of an internal- 
combustion engine during the power stroke than during the 
compression stroke? 

5. What advantages are there in having several cylinders 
in an automobile rather than one? 

Problems to Solve 

1. Examine an automobile engine. Make a list of the im- 
portant parts you can identify. Also make a list of tlic parts you 
find but whose use you do not understand. If you cannot name 
them, you may describe them briefly or tell where they are 
located. 

2. Visit an automobile garage or an automobile salesroom to 
see as many of the important internal parts of a car as you can. 

3. (a) What advantages would a gasoline delivery truck 
have for milk delivery to city homes? (6) What advantages 
would a horse-drawn truck have? 

4. (a) How many pushes does the piston of a one-cylinder 
steam engine receive during one revolution of the crank shaft? 
(6) How many cylinders must a gasoline engine have to get 
the same number of pushes? 

5. Make a special study of one of the following and report 
to your class : 

a) Two-stroke cycle (two-cycle) gasoline engines 

b) Airplane engines 

c) The cooling system of an automobile 

d) The lubricating system of an automobile 

e) Uses of gasoline engines 
/) Tractors and their uses 

ff) The ignition system of an automobile 



Fig. 485. An eight-cylinder Diesel engine in the power-and-liglit 
station at Russell, Kansas. This giant engine can furnish 1600 
horse-power. (Nesmith and Associates photo) 

H OW DOES A D1E8EI. ENGINE WORK? llaVC yOU SeCll a 
modern streamlined train thundering along the 
track faster than most steam trains go? Many of these 
trains are driven by Diesel engines, and Diesel engines 
are also used in small power plants, trucks, tractors, and 
ships. What are they, and how do they work? 

About 50 years ago Dr. Rudolph Diesel, a German 
scientist, got the idea that he could make an internal- 
combustion engine that would work without spark plugs. 
About 1897 he produced one that was successful. This 
kind of engine is much like the ortlinary gasoline engine, 
except that it does not have spark plugs or a carburetor. 
It burns very cheap kinds of oil and, to do the same work, 
uses fewer gallons of fuel than a gasoline engine. A ton of 
oil burned in a Diesel engine does as much work as four 
tons of coal burned in a steam locomotive. 

The Diesel engine gains these advantages through two 
important features: First, the air that enters the cylinder 
during the intake stroke is compressed into about one- 
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Fig. 486. A cross-section view of a 
Diesel engine. Compare it with 
Figure 479 to see how much alike 
the Diesel and the gasoline engines 
are. However, this is a two-cycle 
engine in which the piston opens 
and closes the intake and exhaust 
openings as it moves up and down. 
(Fairbanks-Morse photo) 


fourteenth of the space it 
filled at first. (You remember 
that a gasoline engine com- 
presses its vapor to only about 
one-seventh.) Compressing air 
heats it, as you know, and 
this great compression causes 
the temperature to rise to 
more than 800 ° F. Second, 
just as the piston reaches the 
top of its stroke, a small but 
very powerful pump sprays a 
tiny bit of oil into the hot 
air. Almost instantly the oil is 
vaporized and begins to burn. 
The heat from the burning oil 
expands the air and makes 
the pressure in the cylinder head still higher. This, to- 
gether with the expansion of the burning oil vapor, drives 
the piston down during the power stroke. 

Diesel engines are usually much heavier than gasoline 
engines, but they burn such cheap fuel and so little of it 
that they are widely used on heavy trucks and tractors 
as well as in stationary power plants. They are also being 
used in locomotives because they do not need to stop 
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SO often for fuel and water. As you have already learned, 
a Diesel engine uses only one-fourth as many pounds of 
fuel as a steam engine of the same power. 

From what you have just read, you can see that in- 
ternal-combustion engines have a number of advantages 
over steam power plants. They are very much lighter to 
carry around, and they use a convenient form of fuel. 
They also harness a higher percentage of the energy in 
the fuel. Gasoline engines are about 30 per cent efficient, 
and Diesel engines may be 38 per cent efficient. In addi- 
tion, they can be started and brought to full speed quickly, 
instead of waiting a long time to ‘‘get up steam.’’ 

On the other hand, internal-combustion engines must 
be very exactly adjusted, or they will not run at all. 
Most internal-combustion engines cannot run backward. 
To reverse the direction of their force, a complicated set 
of gears is necessary. They tend to “die” if an overload 
is put on them, while a steam engine just keeps on pulling. 
From their wide use you can see that for certain purposes 
the advantages far outweigh the disadvantages. 

Self-Testing Exercises 

1. (a) When is fuel put into the cylinder of a Diesel engine? 
(6) How is the fuel put in? 

2 . How is the fuel ignited? 

3. State two other differences between Diesel engines and 
ordinary gasoline engines. 

4. State three reasons why internal-combustion engines are 
used instead of steam power plants for automobiles. 

Problems to Solve 

1. Read in some reference book the story of Dr. Rudolph 
Diesel’s life and of his experiences with his engines. 

2 , Why do you think gasoline rather than Diesel engines 
are used in automobiles? 




Fig. 487. How the power is transmitted from the engine to the rear 
wheels of an automobile 

Problem 5: 

HOW IS HARNESSED ENERGY TRANSMITTED? 

A PATIENT teamster has not completed the harness- 
ing of his team until the straps or chains from the 
harness are hooked to the singletrees, the singletrees to 
the doubletrees, and the doubletrees to the plow. By 
these devices the force of the horses’ muscles is trans- 
mitted to the device that does the work of breaking up 
the soil. In the same way the energy brought under con- 
trol by power machines must be transmitted to other 
machines that do our work. Often the energy must be 
carried long distances, and the direction or rate of motion 
changed. This work of transmitting harnessed energy is 
usually done in one of three ways : by mechanical devices, 
by compressed air, and by electric current. 

In Unit 4 you learned of some mechanical devices that 
transmit force. When these devices cause things to move, 
they transmit energy from one place to another. Ropes, 
belts and pulleys, chains, shafts, and gears are used to 
transmit the energy harnessed by engines. An automobile 
is a good example of the use of gears and other mechanical 
devices to transmit power. 
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IG. 488. A cutaway view of the clutch and transmission gears of an 
automobile (Ford Motor Co. photo) 


H OW IS POWKR TRANSMITTED FROM AN AUTOMOBIUS 
ENGINE TO THE REAR wiiEEEs? Figure 487 shows the 
parts that transmit power from the gasoline engine, or 
motor, to the rear wheels. I^et us follow the power step 
by step from the flywheel of the engine to the wheels. 
We come first to the clutch. The clutch has three main 
disks. Two of these disks are attached to the flywheel 
and are turning all the time the engine is running. The 
third disk is between the other two and is attached to a 
shaft that leads toward the rear wheels. A spring presses 
the two outer disks very tiglitly against the middle disk. 
Both are covered with a material that has a great deal of 
friction. Therefore the middle disk must turn with the 
flywheel and transmit power along its shaft. In this posi- 
tion we say the clutch is “in.” 

To throw the clutch “out,” the driver of the car pushes 
down on a foot pedal. This moves a lever that separates 
the two outer disks. They no longer press on the middle 
disk, but turn freely, while the middle one can stand 
still. Thus, by throwing the clutch “out,” the engine is 
disconnected from the drive shaft. 

Next we come to the transmission gears. These gears 
are all in a metal box, or gear ca.se. In the top of the case is 
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Fig. 489. Sec if you can explain this drawing of the gear shifts. The 
letters have been put on the gears to help you explain what happens. 

a rather long transmission lever that we call the gear-fihift 
lever. The gears allow the engine to run at its best range 
of speed while the car runs forward slowly with great force 
(low gear), more rapidly with less force (intermediate, or 
second gear), or very rapidly with much less force (high 
gear). The gears will also drive the car backward while 
the engine runs just as it does when the car is moving 
forward. By throwing the clutch out and moving the gear 
lever into proper position, the driver can slide the gears 
along their shafts and use the set that meets his needs. 

While the car is standing still with the clutch in, some 
of the gears are moving, but their teeth are not touching 
any of the gears on the drive shaft. In starting, the driver 
usually uses low gear and then second gear, until the car 
is moving quite rapidly. Then he shifts to high gear for 
traveling along the road. When he comes to a very steep 
hill, he must shift back to low gear so that the engine can 
run rapidly and move the car with greater force but more 
slowly. From Figure 489 you can understand how the 
gears are used to move the car at different speeds in re- 
lation to the engine’s speed. In each case the gears that 
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are being used are shaded more darkly than the ones 
not in use. Notice that in high gear one gear slips inside 
another, and the two parts of the drive shaft turn together. 

At the rear end of the drive shaft is a small gear wheel. 
The spiral teeth of this small gear press against the 
spiral teeth of a large gear set at right angles to it. The 
large gear is attached to the shafts, or axles, that turn 
the rear wheels. Where the axles of the two wheels meet 


in the middle of the car is _ _ 

a complicated joint with 
about six other gears in it. 

This joint is the differential. 

It allows one wheel to turn 

faster than the other | 

going around corners. 

Let us now follow the^^p 
energy from the gasoline 
the rear wheels. In the^^^^^ 

Its chemical energy changes^ * 

to heat energy, expands the^ SHAFT- 

gases, and makes them force ,, 

the piston downward. The ential. Find out what is meant 
piston pushes the connect- by hypoid gears. (General Motors 
ing rod. The connecting rod photo) 
pushes the crank .shaft around, and the crank shaft turns 
the flywheel. The flywheel turns the clutch disks and the 
shaft leading to the transmission case, and the gears turn 
the drive shaft that goes back to the rear of the car. By 
means of gears the drive shaft turns the rear axles that 
turn the rear wheels. The wheels move the car forward. 


DRIVI SHAFT- ^ 

Fig. 490. An automobile ditfer- 
ential. Find out what is meant 
by hypoid gears. (General Motors 
photo) 



HYPOID 

oiAiS 


When you start on your next auto trip, you can better 
understand how complicated a machine you are riding in. 
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Self-Testing Exercises 

1. Why does an automobile have a clutch? 

Why does an automobile have several sets of gears in the 
transmission case? 

3. An automobile is standing still with the engine running. 
Tell, step by step, what happens until the rear wheels begin 
to turn. 

4. When an automobile is moving along a level road, what 
would happen if someone held the clutch pedal down? Explain. 

Problems to Solve 

1. When a car is standing still, shifting into gear without 
throwing the clutch out may stop the engine or break some- 
thing. Explain why. 

2 . If an automobile were driven by a steam engine, what 
parts of the transmission system could be eliminated? 

3. What changes have been made in the transmission sys- 
tems of the newest automobiles? Talk to salesmen and read 
recent' science magazines. Then report to your class. 

H OW IS COMPRESSED AIR XJSKD TO TRANSMIT ENERGY? 

Have you ever passed where a new building or 
bridge was being erected and heard the noisy clatter of 
a riveting machine? These noisy machines are driven by 
compressed air. Have you ever noticed how the brakes 
of a whole train are '"set” or released when the engineer 
moves a small lever? Compressed air works the brakes. 
Without air brakes our long freight and passenger trains 
could not be handled safely. Compressed air drives the 
sand blast that cleans the dirty faces of buildings in the 
city and smooths and polishes the rough iron and steel 
castings in foundries. Compressed air pushes the water 
out of caissons and tunnels. 

In all these uses compressed air is really serving to 
transmit energy that was originally harnessed by a 



Fig. 491. This workman is using a cotnprossc'd-air hammer to spread 
these holt heads in a locomotive boiler after they have been scirewed 
in as far as necessary. (Nesmith and Assc^eiates photo) 

gasoline engine, a steam power plant, or a water-wheel. 
Compressed air is very useful to us because it both 
stores energy and transmits it. It can store energy be- 
cause it is elastic and acts like a spring. Potential energy 
is formed when the air is compressed. It remains stored 
in a tank until it is released to do work. 

The compressed-air riveter, the air brakes of a train, 
and the air drill are good examples of the storages and 
transmission of energy by compressed air. Near a building 
on which a riveter is being used, you can find some kind 
of large air pump or air compressor. This pump is often 
driven by a gasoline engine. Connected with the pump is 
a storage tank for the air. From the tank a pipe leads up 
to the steel frame of the building. The gasoline engine 
obtains energy from gasoline to fill the tank with air under 
pressure. This air moves through the pipe to a heavy 
piston. When the workman opens a valve, the air makes 
the piston move back and forth very rapidly to spread the 
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Fig. 40^2. How the compressed-air brakes on a train operate 


ends of the red-hot rivets. Thus, the compressed air trans- 
mits energy from the gasoline engine to the rivets high 
on the frame of the building. In a similar way compressed- 
air machines operate drills in mines and stone quarries, 
chisels for carving stone and breaking up pavements, and 
many other devices. 

The air brakes on trains operate so successfully be- 
cause each car carries, in a tank of compressed air, the 
energy to set its own brakes. This energy is obtained in 
the first place from a small steam engine on the loco- 
motive. The piston in this engine operates an air pump 
that you can see on the side of a locomotive. The air 
pump fills a large tank on the locomotive to a high pres- 
sure. From the locomotive an air-supply pipe leads back 
under the cars from car to car, and is connected to the 
tank on each car. 

The heart of the car’s air brake is a complicated control 
valve. Whenever the air pressure in the supply pipe falls 
too low, this control valve sends air from the car’s air 
reservoir against a piston that sets the brakes. To set the 
brakes, the engineer turns a small lever near his seat. 
This shuts off the main supply of air and lets air out of 
the pipe. Almost instantly every control valve in the 
train begins to send air against its brake piston, which 
sets the brakes on the wheels of that car. The same thing 
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happens if the train breaks in two. A connection breaks, 
the air escapes from the supply pipe, and the brakes are 
set automatically. After a train has stopped, you can 
often hear the hiss of air released from brake cylinders 
so that the train can be started again. 

Today, many trucks and buses, as well as trains, are 
equipped with compressed-air brakes. In these brake 
systems compressed air stores some of the energy of the 
engine and transmits it to the brakes when they are 
needed. Thus the engine can do for the driver most of the 
work of putting on the brakes to stop the car, and can do 
it more efficiently. 

Self-Testing Exercises 

1. Name four uses of compressed air. If you have seen com- 
pressed air being used in any of these ways, tell wliat you 
saw. 

2. Tell how a compressed-air riveting hammer high up on 
a building gets the energy to do its work. 

3. Explain briefly how^ compressed air is used to help sto]) 
a train. 

4. Why is it advisable for each car of a train to have its own 
pressure tank to operate the brakes? 

Problems to Solve 

1. Find out how an air compressor works to operate a drill 
or a riveter. 

2. Read in reference books about the use of compressed air 
in tunnels and caissons. What is the great danger for workmen 
in such places? 

3. How are liquids used for transmitting force? Read about 
hydraulic presses, brakes, jacks, and similar devices. Examine 
a barber’s or dentist’s chair and learn how it works. Keep your 
eyes open for hydraulic elevators for automobiles at service 
stations. 




Fig. 493. Some of our newest streamline trains are run by electricity 
generated in the train by Diesel engines or steam turbines, as above. 
This diagram will help you understand how such trains operate. See 
if you can explain two things about this kind of locomotive: (1) the 
changes in the kinds of energy, and (%) how the power is transmitted. 
Gears are used to connect the motors to the wheels. 

H OW 18 ELECTRIC TRANSMISSION OF POWER USED? In 
your study of Unit 8 you learned that electric cur- 
rent is one of our most useful ways of transmitting power. 
Some kind of energy-harnessing machine drives a gener- 
ator that makes electric current. The current goes out 
over wires and often through transformers until it reaches 
the place where it is needed. There lamps may change the 
electric energy into light; toasters, irons, and heaters 
change it to heat; and motors change it back into kinetic 
energy to run all sorts of machines. 

Electric transmission has taken the place of many belts, 
pulleys, and shafts in factories. Engineers find that they 
can use a motor on each machine more safely and eco- 
nomically than they can use belts and pulleys to bring 
the power to the machine. Several important advantages 
are gained by using it to drive ships and Diesel loco- 
motives. When electrical transmission is used for these 
purposes, a steam turbine or a Diesel engine drives a 
generator. Wires carry the electric current to electric 
motors that turn the propellers or drive wheels. This plan 
allows the power machines to be put in the most con- 
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venient place for them and to be run at their most effi- 
cient speed. Another advantage of this plan is that the 
motors, and therefore the ship or locomotive, can be 
reversed simply by throwing a switch. 

Self-Testing Exercises 

1. Name several examples of the use of electric currents for 
power transmission. 

2 . Describe the simplest possible arrangement for using 
electrical transmission in the place of some other kind of 
transmission. 

Problems to Solve 

1. Could electric current be used in the place of compressed 
air to drive a riveter? To operate brakes on a train? Give 
reasons for your answer. 

2 . What disadvantages can you find in the electrical trans- 
mission of energy? 

Problem 6: 

WHAT SOURCES OF ENERGY WILL WE USE IN THE FUTURE? 

W HAT IS THE REAL SOURCE OF THE ENERGY THAT 
RUNS OUR MACHINES? You' HOW Understand how 
man has gone out into the world and harnessed the energy 
he found there. He has harnessed the energy of the wind 
with sails and windmills. The water of streams running 
down to the sea turns his giant water-wheels. Energy from 
fuels runs his steam power plants and internal-combustion 
engines. But have you seen that all the energy harnessed 
by these machines comes from one real source? Let us 
first see where the wind gets its energy. What makes it 
blow? The wind blows because the air at some place has 
become warmer than at some other place. Cool, heavy air 
pushes the warmed air up. The current of air moving 
along the earth is the wind. What starts the wind and 
keeps it blowing? It is really the sunlight warming the 



Fig. 494. The Grand Coulee* Dam of the (’olumbia River. When 
completed, tliis dam will be the greatest man-made structure in the 
world. It will contain two and one-half times as much concrete as 
Boulder Dam, will make a lake 150 miles long, and will be able to 
develop 2,646,000 hor.se-power. (11. S. Bureau of Reclamation photo) 

earth that makes the wind blow. The energy of the wind 
comes from the sun ! 

And the water! Where did it get its energy? It has 
potential energy because it is lifted up high above the 
level of the ocean. It can do work running down again. 
The water was evaporated by the heating effect of the 
sunlight. Then the wind blew the water vapor to great 
heights, from which it fell on the highlands. The energy for 
our water power also comes to the earth in the sunlight. 

You have probably guessed the rest of the story already. 
The sunlight shone on the leaves of trees millions of 
years ago. The green leaves caught the radiant energy 
and stored it in the wood as chemical energy. Through 
long ages the wood was buried and gradually changed to 
coal. We mine the coal and use the energy. Similarly, 
the energy in petroleum came to the earth in sunlight. 
It was captured, probably by tiny green plants in the 
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ocean. The plants were eaten by animals. The bodies of 
the tiny animals, buried in the sand and mud of the ocean 
bottom, each gave out a tiny amount of oil. This oil is 
the petroleum that collected in the great oil fields. From 
the petroleum we get gasoline and other fuels. Thus the 
energy of the ancient sunlight takes us driving in the 
sunlight of today. 

The winds will blow and the rivers will run down to the 
sea so long as the sunlight and the mountains remain. 
Experts say that our coal supplies in America will not 
last for more than 4000 years. If we share with other 
countries and continue to use more and more ourselves, 
they will not last more than 1000 years. Coal is not being 
made today, and we are using up the store that was pro- 
duced in past ages. About petroleum no one seems to 
know. Most people, however, believe that the oil fields 
will not last as long as the coal mines. What then? 

W HAT ARE THE POSSIBLE ENERGY SUPPLIES OF THE 
FUTURE? Could we get more energy from the wind? 
That is quite possible. Someone has calculated that a 
wind blowing 30 miles per hour, a mile wide, and 100 
feet deep could produce 100,000 horse-power. But what 
a forest of windmills we would have to put up ! And how 
would we store such immense amounts of energy for the 
days when the wind does not blow? 

Could we harness all the water power and use it instead 
of coal and oil? Not more than one-third of the water 
power of the United States has been put to work. But 
even if it were, engineers point out that there would be 
only half enough for the present power needs of the 
country. And much of the water power is so far away 
from cities that the energy cannot be transmitted to 
places where it is needed. 
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Could we harness the waves and the tides? Undoubtedly 
much energy is going to waste along the ocean shores. A 
British scientist estimates that the tides along the shores 
of Great Britain have 12,000,000 horse-power of energy. 
But no really successful plan of putting the tides to work 
has been invented. They come and go; so a power plant 
that depended on them could not run continuously. Like 
wind power, a way of storing the energy would be needed. 
Like water power, tide power would have to be used 
within a few hundred miles of its source. 

Can we find new supplies of fuels? When coal and oil 
give out, we would need to turn to fuel that grows each 
year. Cornstalks and straw, rapidly growing trees, and 
alcohol from grains and vegetables are possible sources 
of energy. In recent years there has been much talk of 
using alcohol in automobile engines to save gasoline. 
However, alcohol from grain costs much more than gas- 
oline. And if the whole corn crop of the country were 
made into alcohol, there would be only half enough for 
our present needs. 

Can scientists destroy the atoms of matter and get 
energy? One great scientist has said that the energy in 
one-half pound of matter, if all released, could drive an 
ocean liner across the Atlantic Ocean and back again. 
But, as yet, only tiny bits of this energy have been ob- 
tained. And each time they do it, scientists have to use 
much more energy than they get back. 

Can the sunlight itself be put to work? Enough sun- 
light falls on the earth in one minute to drive all man’s 
machines for a year. The light that falls on 200 square 
miles of American desert has energy enough to supply 
the whole United States. But how can we capture this 
energy? That is the difficulty. Men have been at work 
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on the problem for a long time. 
Some of them built great re- 
flectors to heat oil and boil 
water. Engines have actually 
been run in this way. Some 
men are seeking a way to 
change light directly into elec- 
tric current. They have really 
run a few tiny electric motors 
by such power. Other men 
are trying to have light carry 
on chemical changes that will 
store its energy. As yet, how- 
ever, they have not been able 
to discover a method that, 
works as well as the leaves of 
green plants. 

What is the answer? No one 
knows. Certainly we are going 
right on using water power 
and coal and oil. Gradually, 
as fuel becomes more scarce 
and expensive, other kinds of 
fuel will be obtained from 
plants. Perhaps some one will 
discover a good way to store 



1^1(1. mis inaciiinc was 
invented to use the energy of 
the sunlight for running ma- 
chines. It was actually able to 
run the small engine that you 
see in the lower part of the 
picture. 


energy from the winds and tides. Perhaps some one will 


learn to capture the energy of sunlight in an efficient 


manner. 


Not long ago scientists discovered how to get energy 
from atoms of uranium and plutonium. But so far this 
atomic energy has been used only for destruction. Some- 
day we may learn to use it for the benefit of mankind. 
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Seif'Testing Exercises 

1 . Explain as well as you can how the energy of the sunlight 
gets (a) into the wind, (b) into water in mountain streams, 
(c) into coal, (d) into gasoline. 

2. Do you think that there is likely to be a permanent short- 
age of fuel before you die? Give your reasons for your 
opinion. 

3. Make a list of the possible energy supplies of the future. 
After each one, tell why it is not used now. 

4. Why are inventors trying to capture the energy of sun- 
light directly? 

Problems to Solve 

1. Trace the energy from the sunlight to an electric bulb, 
assuming that it passed through a water turbine. 

2. Trace the energy from the sunlight to an electric motor, 
assuming that it passed through a steam turbine. 

3. Trace the energy from the sunlight to the wheels of an 
automobile. 

4. How have men tried to harness the energy of the sun? 
Look up “Solar Engines” in encyclopedias. 

5. How have men tried to harness the tides? See what you 
can find on this topic in reference books. 

LOOKING BACK AT UNIT 9 

Energy from the sun reaches the earth and is used to do 
our work. 

1. List the important supplies of this energy on the earth 
that have been successfully harnessed. For example, one 
supply would be “The energy of fuels.” 

2. State in one sentence how the first supply of energy you 
name has been harnessed. Then do the same for each of the 
others. 

3. List the three most important ways of transmitting 
harnessed energy. 
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ADDITIONAL EXERCISES 

1. Read in reference books to find the answer to one of the 
following problems. 

a) How did a Newcomen engine use air-pressure.^ 

b) What great improvements did James Watt make in 
steam engines? 

c) What were the main difficulties of the early inventors 
of steam engines? 

d) How were the first locomotives constructed? 

e) How was steam made to drive the first steamboats? 

2. How can a steam engine use steam twice? Read about 
compound steam engines. (See Figure 473.) 

3. How is a condenser used with some steam engines? Read 
how James Watt invented the condenser and learn what you 
can about modern steam condensers. 

4. Learn how a carburetor is constructed. Read all you 
can find in reference books, and examine real carburetors. 
Talk with auto mechanics about them. 

5. How are the parts of the electrical system arranged to 
produce sparks at just the right time in each of the different 
cylinders of an automobile? 

6. What are super-chargers on gasoline engines? Why are 
they used? How do they work? 

7. How many power strokes occur during one revolution 
of a four-cylinder four-cycle gasoline engine? Of an eight- 
cylinder engine? Of a twelve-cylinder engine? 

8. What disadvantages are there in having many cylinders 
in an automobile engine? 

9. Find out how the thermostat controls the temperature 
of the water in an automobile engine, 

10. The pumps on fire trucks and in many other places have 
air domes. Of what value are these air domes? 

11. How does pressure change the boiling point of water? 
Learn, if you can, how hot the water in a boiler gets when 
the steam pressure is 200 pounds per square inch. 
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12. What is superheated steam How is it produced? 

13. What is a Corliss engine? How does it differ from other 
steam engines? 

14. What are the uses of explosives? Explosives contain 
much chemical energy. Do you think this energy is harnessed 
when explosives are used? 

15. Hydraulic rams use water power to pump water. Find 
out how they work. 

16. Obtain a large sheet of paper. In the upper left corner 
draw a small “sun” with energy radiating from it. In the lower 
right corner draw a wheel and label it “Man’s Work.” Then 
complete your diagram by showing the different paths by 
which energy from the sun can reach the wheel and turn it. 
Give your completed diagram a suitable title. 

17. A rotating lawn sprinkler is a kind of water turbine. 
Explain why it turns when water flows through it. 

18. How does an automobile muffler make the exhaust so 
much less noisy? 

19. How are the cranks and crank shaft arranged in radial 
airplane engines like the one in Figure 482? 

20. Why does dust of some kinds explode when ignited? 
Compare the conditions with those in an automobile cylinder. 



Fig. 49(). This man may well lie proud, because his prize corn has 
won for him the title of “World s Corn King” for three years in 
succession at the International Hay and Grain Show at Chicago. 
In this unit you will learn something of the ways in which such fine 
plants are produced and how man may change both plants and ani- 
mals to bring out the characteristics most useful to him. (Acme 
photo) 
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UNIT 10 


HOW DO WE IMPROVE PLANTS 
AND ANIMALS? 


INTRODUCTORY EXERCISES 

1. In what ways do you look like your father? Your 
mother? 

‘2. In what ways are you different in appearance from 
your brother or your sister? 

3. If you were a farmer and were trying to improve 
your crops and your livestock, in what ways would you 
try to improve each of the following; corn, wheat, chick- 
ens, dairy cattle, beef cattle, hogs? 

*4. Name several ways in which plants reproduce. 

*5. What is pollination? How may it be brought about? 

*6. How is an egg fertilized? Why is fertilization 
important? 

7. When someone says, “John inherited his father’s 
nose,” what does he mean? 

8. Why are “pure-bred” animals much higher priced 
than ordinary animals? 

9. In what ways do cultivated roses, apples, grapes, 
and cherries differ from the wild kinds? 

10. How is it possible to grow many different kinds of 
apples on the same tree? 

11. Name as many ways as you can of improving 
plants and animals. 
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LOOKING AHEAD TO UNIT 10 

H avk you ever attended a state or county fair? If not, 
try to do so sometime. But do not spend all of your 
time watching the races or attending tlie shows of the 
carnival. Go to the livestock exhibit and see the fine 
horses, cows, pigs, sheep, chickens, and turkeys that the 
farmers have brought to exhibit at the fair. Watch I lie 
judges examine the different animals for prize winners. 
Notice what characteristics tliey look for. Listen to what 
they are saying about the animals they are judging. 

When you have finished with the livestock, go to the 
agricultural exhibits, l^ook at the huge ears of corn, the 
heads of golden wheat, and the other grains. Let your 
eyes linger on luscious apples, grapes, peaches, and pears. 
See pumpkins and watermelons so large that you can 
hardly lift one of them. Everywhere you look, you will 
see the finest products of nature, because these exhibits 
are the results of the best efforts of man to grow animals 
and plants for food. 

It is hard to realize that these wonderful fruits and 
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Fig. 498. After much cxperiiiieiital work man has developed a large, 
juicy blueberry, shown at the right, from the small, wild one shown 
at the left. (U.S. Department of Agriculture photo) 

vegetables have been developed from wild ancestors. But 
such is the case. Perhaps you have eaten wild grapes, crab 
apples, strawberries, or plums. Some of them are delicious. 
But most of them are not nearly so good as the kinds we 
grow on our farms and buy in the markets. Yet these wild 
plants are the ancestors from which our fine domesticated 
plants have come. Our domesticated animals were de- 
veloped from wild ancestors, too. Figure 499 shows a 
modern hog and its wild ancestor. They hardly look like 
the same kind of animal. 

Perhaps you are wondering how living things can be 
made to change so greatly. Njiture will of course bring 
about many changes in living things. In Unit 3 you 
learned that every living thing must be so made that it 
can get from its surroundings the things it needs to keep 
alive. When the environment of a plant or an animal 
changes, the plant or animal may change in such way or 
ways that it can stay alive in its new surroundings. 

But the kinds of changes that man wants to bring about 
in living things are not always those changes that adapt 
the plant or animal to its environment. When we speak 
of improving animals, we mean improving them for our 
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Fia. 506. Although these cocker-spaniel ])uppies are offspring of the 
same parents, they show wide variations in the markings of their 
coats. (Photo by Dr. Duerer from Dog Worlds Chicago) 

not look exactly like you. If the heredity for a certain trait 
is mixed, one child may inherit the recessive trait and 
another the dominant trait. When you think of how this 
applies to every trait yovi inherit, you can see why there 
are great differences among children of the same family. 
If two parents had several hundred children, you would 
find that traits would or would not appear according to 
the same pattern that Mendel fotind witli plants. With 
only two or three children in a family, however, it is im- 
possible to tell why certain traits are present or absent 
or to predict what will liappen in the next generation. 

Do you see, now, that there are <lifferences among living 
things of the same species because of the fact that the 
higher plants and animals have two parents and that the 
offspring inherit traits from both parents? No two human 
beings are exactly alike; neither are any two plants ex- 
actly alike. The differences in living things of the same 
species are known as variations, het us see what variations 
we find in one species of corn. If you should pick at ran- 
dom 100 ears of Golden-Glow corn and count the number 
of rows of kernels in eacdi ear, you would find that they 
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would vary. In some ears you would find eight rows and 
in others as many as twenty rows. The average is usually 
about sixteen to eighteen rows. There are very few ears 
with only eight rows, and very few with twenty rows. 

If you will look around you, you will see that there arc 
the same kinds of variations in other living things. Onl>^ 
a few people are very tall, and only a few are very short. 
In a litter of pups you will find many different kinds of 
markings on the coats. The fact that variation does occur 
is of great importance to the plant- and animal-breeder. 
It makes possible the improvement of a given kind of 
plant or animal. You will learn more about this in the 
next problem. 

Occasionally something happens that cannot be ex- 
plained by what Mendel discovered al)out the way traits 
are inherited. A new and unexpected trait will suddenly 



appear in a plant or an 
animal. It never appear- 
ed in other plants or an- 
imals of the same species. 
Sometimes these strange 
variations are only freaks. 
They are not passed on 
to the next generation. 
Others are passed on: 
that is, the plant or an- 
imal breeds true so far as 
this trait is concerned. 

Many examples of these 


Fkj. 507. A red sunflower bred from 
the mutation of the common sun- 
flower found by Mrs. (^ockerell be- 
side a road in Colorado (Courtesy 
Prof. T. D. A. Cockerell) 


unexpected changes in 
the structure of a liv- 
ing thing are known. 
In 1791 Seth Wright, a 


Fic. .>08. At the right is the normal type of leaf of the Thxston fern. 
The other four tyi)es have originated as mutations. (Brooklyn 
Botanie (ianlen photo) 

Massacliusetts farint'r, discovered that one of his lambs 
had short, crooked legs. This lamb could not jump fen(‘es 
as well as the other lambs. So, when it grew up, Wright 
decided to cross this sheep (a ram) with another sheep 
in the flock. He did so, and he found that some of the 
offspring were like their fathef*: They had short, crooked 
legs. He cross-bred those sheep and finally develope*! a 
new variety of sheep that woidd breed true for short 
(‘rooked legs. 

A new trait that breeds true is called a miUation. Many 
of the varieties of plants and animals that we have today 
have been developed as a result of mutations. For example, 
in 1910 there appeared in Colorado a sunflower with red 
flowers. Seeds from this plant were grown, and the follow- 
ing generations of plants also had some rcid flowers (Fig- 
ure 507 ). In 1770 a lujrnless calf was born in Paraguay. 
Many of the hornless varieties of cattle that we have 
today are descendants of this one calf. Tailless dogs and 
cats, albino rats, and seedless oranges are cither examples 
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J?'IG. 509. A pair of white or albino robins. Albinism starts as a 
mutation and is inherited as a recessive trait. (Kobel photo) 

of traits that first appeared as niiilations. Just how muta- 
tions are brought about no one knows. 

In the two examples you just read, man happened to be 
around to provide conditions that would allow the muta- 
tion to be reproduced. Of course, there are many muta- 
tions that man never nolic*es. If these happen to be 
ehaii^es that help the livinp; Ihinp; to ^et along better in 
its surroundings, the changes are likely to be continued 
in following generations. When this happens, a new species 
of living things may be established. However, many muta- 
tions that o(*eur are not helpful to the living thing; in fact, 
they may be a disadvantage. When this is true, the living 
thing Jiiay die without producing otfspring. 

Self-Testing Exercises 

1. Kx])laiii why children may differ from either or both 
parents in some trait. 

Kxplain why children may he like one parent in one trait 
and like the other i)arent in a tlifferent trait. 

8. What is meant by the term ''‘variation"? Why do varia- 
tions occur? 

4. What is a mutation? Give two examples. 
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Problems to Solve 

1. Collect leaves from different plants of the same species. 
Can you find any leaves that are exactly alike? In what ways 
are they different? 

2. Find out from your parents whether or not your grand- 
parents had some unusual characteristics. Do you find any of 
these traits in your parents? In yourself? 

3. Why do the discoveries of Mendel not explain mutations? 

4. Read about Gregor Mendel and report on his work. 

5. Find out how individual variation in human beings \uis 
been applied in identifying criminals. 

6. Find other examples of mutation. 

7. Sometimes a characteristic skips a generation and then 
reappears. How could this be explained? 

W HAT DOES A LIVING THING INHEKIT FROM ITS PAR- 
ENTS? Many people have wrong ideas about what 
they inherit from parents. We can inherit all kinds of 
physical traits such as you have been reading about. We 
also inherit something of our ability to learn. This is the 
result of the kind of brain that we inherit. But a person 
may inherit an excellent brain and, because of laziness or 
lack of opportunity, may fail to develop this brain. He 
will, therefore, be unable to use his excellent brain as well 
as some other person uses an ordinary brain that he has 
worked hard to develop. Tlie ability to use your brain 
efficiently is not all inheritance; it is partly what you do 
with your inheritance. 

You have perhaps heard also of (•hildren inheriting the 
ability of their father and mother to speak languages or 
to play the piano. This is another false notion. A person 
does not inherit the ability to speak French, German, or 
some other language. He inherits a certain kind of brain 
that enables him to learn easily. This kind of brain can 
be used for other kinds of learning as well. What usually 



Fui. .)10. These two chickens are the same age, and they began life 
with th<i same inheritance, but they grew iij) on different diets. The 
effect of an improper diet is seen in the poor development of the 
chicken at the right. (National Dairy (k)nncil photo) 

happens is that the child gets interested in some skill or 
accomplishment that his parents have, and because of 
this interest he works hard to acquire this skill for himself. 
It is impossible for skills acquired by parents during their 
lifetime to be transmitted to their children. 

You and other living things inherit certain characteris- 
tics of structure from your parents. You may inherit a 
strong body and an excellent brain. A plant may inherit 
the ability to grow an excellent root system. Your inherit- 
ance and that of the plant are the natural equipment that 
each of you has. You must remember, however, that in- 
heritance alone does not account for the success of the 
living thing in life. A baby may inherit a strong body, but 
this body may not be developed because of lack of food 
or care. A plant may be weak and small because of lack 
of proi:)er growing conditions. When you consider the 
condition of a plant or an animal, you always have to 
take into account the kind of environment it has. This en- 
vironment may be the reason for its success or failure. 
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Fir;. 511. These young people are making the most of their inherited 
traits by learning how to live healthfully. (Acme photo) 

You may believe that you are fairly intelligent. If you 
happen to have inherited a gocxl brain, you are fortunate. 
Because you have a good brain, you may think that you 
are superior to those who are not so intelligent. You may 
decide that, you are so smart that it is a waste of time to 
study. This, however, is a mistake. You have to learn how 
to use your brain. A fine, delicate instrument is no better 
than crude, clumsy one if the operator docs not have 
the skill to operate it. The more you learn, the better you 
will be able to use your brain. 

In your class there may be pupils doing better work 
than you do, even though you are sure they do not have 
as good a brain as yours. Thest* ]>upils may not be so smart 
as you are, but they know how to use the brains they 
have. Curiously enough, it is frecpienlly not the peopki 
with the best brains who have the most important posi- 
tions in the world. Such f)ositioiis are often held by peojile 
of average intelligence. You may wonder why this is true. 
The answer is that many highly intelligent people have 
never used their brains to the greatest advantage. They 
have ac*quired a “get-by” attitude, or they have become 
lazy. Sooner or later these habits of idleness catch up with 
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such people, and they are pushed aside by individuals 
who have really learned to use their brains to the limit 
of their capacity. 

The same mistake is often made by people who inherit 
strong bodies. They never learn to take care of themselves. 
They eat the wrong things, fail to take exercise, and do 
not get proper rest and sleep. While they are young, there 
is apparently no ill effect. But when they begin to get 
old, they have to pay for this failure to take care of 
themselves. 

Some people believe that a disease such as tuberculosis 
is inherited. You have probably heard that certain diseases 
run in certain families. We do not, however, inherit tuber- 
culosis or other diseases. A person may inherit poorly de- 
veloped or weak lung tissues. This may make him more 
susceptible, that is, less able to resist the disease. If other 
members of the family have the disease, the children may 
take it from them. It may appear as if the disease is in- 
herited, but that is not really true. If the children are 
properly cared for, they will not necessarily become ill 
from the disease. 

Inheritance, then, is only part of the story. It merely 
determines what kind of body and brain you start out 
with. The kind of life you live may make it [)ossible or 
impossible for your inheritance to be of the greatest 
benefit to you. 

Self-Testing Exercises 

1. What does a living thing inherit from its parents? 

2. What traits are commonly said to be inherited that are 
really not inherited? 

3. In what way does the environment affect our inheritance? 

4. Why is a good brain not the only thing necessary for 
being successful? 



Fig. 512. These twigs hearing such ditferent -sized bliH'horries grew 
on the same bush. The variation in size of the l>erries resulted from 
using pollen from the same bush on the flowers of the twig on the left 
and pollen from another bush on those of the right-hand twig. 
(U.S. Department of Agriculture [>hoto) 

Problems to Solve 

1. Do you know any parents of your classmates who are 
talentiMl in music, art, cooking, and athletics? Are the children 
talented in the same way? 

2. Why do you suppose that people years Jigo believed that 
tuberculosis was inherited from the }>arent or parents? 

3. Tn the newspapers there are frecpient reports about the 
Dionne cpiintuplets. If you can find such reports, read to see 
what variations there are in these fiv<‘ children. 

4. Do peoph‘ inherit habits? (Jive ri*asoiis for your answer. 

Problem 2: 

HOW ARE DESIRABLE KINDS OF PLANTS PRODUCED? 

P HOHAHLY the biggest job that man has is to see that 
tlu‘re is food enough for (‘veryone. You have read of 
the great famines of the past, wliere millions of people died 
because of lack of food. Revolutions, wars, and business 
depressions sometimes result in famine for many people 
even toilay, but this is not because we cannot produce 
enough food for everyone. Wars, revolutions, and de- 
pressions ha])pen because men and women are still very 
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selfish or very foolish, or both, and do not know how to 
get along with their neighbors throughout the world. 

The story of how man has learned to grow plants that 
give him more ami better food, that can survive under 
poor growing conditions, and that can resist the attaek 
of plant diseases is one of the most fascinating in modern 
science. You can learn a little of the story here, but only 

a little. 



H ow CAN WK IMPROVE 
PLANTS BY SELEC- 
TION? Let US suppose 
that you are a farmer 
and that you want to 
increase the yield of your 
corn crop. How would 
you go about it? To be- 
gin finding the answer 
to this question, suppose 
w(' lake a walk through 
a corn-field and see what 
kinds of variations we 


Fi«. .5 1.‘5. If next year’s seed is selected can find. Lirst of all, 
from fine ears of corn like these, the sickly Or weak 

crop will doubtless be improved. . n •! . i * i 

(J. r. .\llen-Century photo) that bear poorly 

developed ears. We find 

some plants that have long stalks, but very few cars, and 
plants that need too long a growing season for the develop- 
ment of the ears. We see, also, plants that are too short 
and that mature their ears too early. When we examine 
the ears themselves, we find some that are not well filled 
at the ends and some that have crooked rows and irregu- 
lar-shaped kernels. From what you have learned about 
heredity, you know that offspring are likely to resemble 
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their parents. None of the characteristics mentioned so 
far is desirable. 

Now let us look for plants with better qualities. We will 
look for strong plants that show no signs of disease. We 
will look for ears with straight rows of kernels and well 
filled out with kernels at the butt and the tip. We will 
examine the kernels to find those with broad tips, because 
such kernels are much richer in food and yield more corn 
to the cob. Our investigations show us that there are great 
variations in the quality of the corn in our field. 

In getting seed for next year’s crop, you can see what 
would happen if we merely saVed for seed several bushels 
taken hit-or-miss from all over the field. The seed would 
come from poor plants and from good plants. We would 
get about the same kind of crop that we got the year 
before. No improvement would result because we would 
have made no improvement in our seed. What else can 
we do.^ We can select the best ears from the strongest 
plants. While we are husking the corn, we can throw these 
ears aside. Then we will have the best ears only, and if 
we plant the seed from these ears, our chances of getting 
a good crop next year will be much better. 

We can also improve our chances for a good crop by 
testing the germination qualities of our corn. Two ears 
of corn may look equally good. The kernels may also look 
about the same. You may think that one ear is as good as 
another. But this may not be the case. The kernels from 
one ear may germinate well, while those from the other 
may not. So we decide to test the germination qualities 
of our seed corn. 

The simplest method of testing seed corn is called the 
rag -doll test. First, sheeting is torn into strips eight inches 
wide and from three to five feet long. The cloth is divided 
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into squares by drawin|( a line through the middle of the 
strip and then drawing cross lines about every three 
inches. Each of these squares is numbered, and the cloth 
is then spread out. Each of the ears of corn to be tested 
is now numbered, and ten kernels from different parts of 
ea(‘h ear ar(' placed in each square. In this way from 
thirty to fifty ears may be tested 
at one time. 

The cloth is now rolled up 
carefully, tied loosely with a 
string, and placed in water for 
from eight to twelve hours. It is 
then put into a box for about 
five days, by which time the 
seeds will have germinated. The 
roll is now opened, and the. seeds 
are examined. Unless all ten 
kernels have strongly gerinin- 

Fui. 514. Hag-tlolts ready ^ted, the ear is discarded and 

for the test (U. S. Depart- , , j. , , i . 

. e K * u I 4 - \ not used tor seed. It we use tins 
meat ot Agncultiire photo) 

method of testing our seed, we 
can be certain that the seed we plant will germinate. 
Therefore we will be sure of a better yield from the seed 
we plant. If we do this year after year, we will slowly 
increase the (juality of our seed corn. 

There is, however, a still more reliable method of get- 
ting better seed. If we test our seed, we know whether or 
not it will germinate, but we do not know what kinds of 
ears will be produced. Corn is pollinated by the wind. The 
pollen from all the corn, both poor and good, is flying 
around in the air. We have no way of knowing whether 
pollen from good plants or poor plants has pollinated the 
ears. The ears may be good on this year's plant, but we 
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it in a row 


cannot be sure that the plants grown from the seed will 
be good. So we decide to find out which of the ears will 
produce the best corn. 

We take the seed from ear No. 1 and ph 
that we call Row 1. We do the 
same for the other ears that we 
have selected. In the fall we meas- 
ure the corn we get from each row. 

We may find that some rows pro- 
duce from two to four times as 
much as other rows. Naturally, we 
select our seed for the next year 
from the best rows. Of course, this 
will not give us enough corn for 
all of our planting next year. We 
can, however, plant this selected 
seed in a plot by itself and then 
select the best ears from this plot 
for the next year’s planting. In this 
way we can in a few years build 
up a high quality of seed corn and 
thus a better yield of corn. 

Improvement by this method, of 
(iourse, has its limits. We cannot 
go on forever producing larger and 
larger ears, because a plant has 
only certain possibilities of devel- 
opment. Beyond that it is impos- 
sible to go. These methods of 
improving plants are called selection. In the first method 
the best ears of corn were selected and shelled, and the 
seed was all planted together. This is called mass selection. 
In the second method a record was kept of the progeny 



P'lG. ,515. The results of 
the rag-doll test show that 
only one of tlie ears test- 
ed is a good one to use for 
seed. (U. S. Dei)artrncnt 
of Agriculture photo) 



Fig. 516. The central row of corn is a variety very susceptible to 
destruction by the chinch bug. Crossing this kind of corn with a re- 
sistant variety produced hybrid plants, seen in the other two rows, 
that are much less injured by the bug. (U. S. E). A. photo) 

(offspring) of each ear; that is, the seed of each ear was 
kept separate, and a record was made of the amount of 
corn produced by the seed. Tliis is sometimes called the 
proge7iy -performance method. As you can see, the progeny- 
performance method of breeding is more difficult to 
carry on than the mass-selection method, but the results 
are much better. 

A good example to show what can be done to improve 
plants by selection is an experiment that was carried on 
with flax. Flax is often attacked by a fungus that causes a 
disease known as flax wilt. When the flax is harvested, 
this fungus remains in the soil and attacks young plants 
the following year. As a result, flax cannot be grown in 
the same land year after year. This situation became very 
serious in the Northwest; so scientists began to look for 
some way to remedy it. 

Professor H. L. Bolley of the No. Dakota Agricultural 
Experiment Station noticed that some plants in a field of 
flax were apparently not attacked by this disease. He 
selected some of these plants and planted seeds from them, 
using the progeny -performance method. After several 
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years of selecting plants that were resistant to the disease, 
he finally produced a strain of plants that was highly re- 
sistant. As a result of this selection it is possible to grow 
flax year after year on the same ground, even when the 
fungus that causes flax to wilt is present in the soil. 

Self-Testing Exercises 

1. Why is the method of selecting corn by progeny perform- 
ance more likely to improve the crop than selection by the 
mass method? 

2. Why is it wise to make a germination test? What does 
such a test tell you about your seed? 

Problems to Solve 

1. Plan an experiment to improve the seed in some flower 
or some garden vegetable. 

2. Interview your local seed dealer. Find out where he gtvts 
his seed and how the seed is selected. 

H OW ARE NEW VARIETIES OF PLANTS PRODUCED? One of 
the most remarkable stories of how man can pro- 
duce a new kind of plant is found in the development of 
Marquis wheat, a kind that is now widely grown in the 
northern part of the United States and in Canada. It took 
ten years to do the experimental work and to place this 
wheat on the market for farmers. The story of its develop- 
ment will help show you how new varieties of plants can 
be produced. 

Canadian farmers usually planted a variety of wheat 
known as Red Fife. This was a good wheat with a good 
yield. Unfortunately, however, it needed a fairly long 
growing season to mature. As a result, every few years 
the crop would be destroyed by early frosts — frosts that 
came before the wheat was ripe. What the farmers needed 
was a wheat with a high yield that would ripen earlier. 



Fig. 517. When corn plants arc pollinated by hand, x><>llen from the 
tassel of the male jjarent is eolleeted in a x>aper bag. The ear shoot 
of the female plant has been c*overed to keep out stray pollen; and 
after the desired pollen is poured on to the silk of the female parent, 
the bag is at once replaced. (Associated Seed Growers, Inc. photo) 

But no such wheat could be found; so scientists began to 
look around. In India they found a liard, Iled-Calcutta 
wheat that ripened early, but unfortunately it yielded 
very little wheat, and what it yielded was of poor quality. 
If they could just combine the high yield of the Red Fife 
with the early maturity of the Red Calcutta, the problem 
would be solved. 

The work started in 1902. First of all, the scientists had 
to be sure that cross-pollination would take place between 
the Red-Fife wheat and the Calcutta wheat. To do this, 
they removed the stamens from a flower of one kind of 
wheat plant. This made certain that self-pollination 
could not take place. This plant then became the female 
plant. The flower was shielded from other pollen by cover- 
ing it with a paper bag. The ripe stamens were then removed 
from the other variety of plant and were crushed over 
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Fig. 518. How corn is improved. Plant 1 is a ]>nre-l>red variety shown 
for comparison. Plants 2 and 4 were cross-pollinated, and from their 
seed grew plant 8. Plants 4 and 6 were cross-pollinated, and from 
their seed grew plant 5. Notice that plants 8 and 5 are both taller 
than the parent plants 2, 4, and 6. (IT. S. H. A. photo) 

the pistil of the female plant. The pistil was again covered 
with the bag. In this way the pistil of the Red -Fife plant 
could be pollinated with the pollen from a Red-Calcutta 
plant, or the reverse. 

The wheat seeds produced from this cross were, of 
course, hybrids. They were jdanted. Some of the vseeds 
grew into plants that matured early and produced a fair 
yield of wheat. Seed from these plants was then planted. 
Year after year the process of selection and cross-breeding 
went on. It was a long process. Four years after the be- 
ginning of the experiment the scientists had less than one 
bushel of the kind of wlieat they wanted. But this wheat 
had both of the desired qualities: It matured early, and 
it had a good yield. 

A few years later enough seed had been produced to 
distribute some to Canadian farmers. It was an immediate 
success. By 1913, after eleven years of work, 100,000 
bushels of the new Marquis wheat were grown and dis- 
tributed to farmers of the United States and Canada. By 
the year 1918, over 300,000,000 bushels of this wheat 
were produced. 
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Fig. 519. Pollinating hundreds Fig. 520. The flowering branch of a 
of tomato plants by hand is a beet plant is bagged to keep out 
huge task, when each one re- stray pollen. (Associated Seed 
quires such close attention. (Irowers, Inc., photos) 

Ip this example of the jmxliietion of Marquis wheat, 
you see what the process of cross-breeding is. It is a pro- 
cess of combining the good qualities of different varieties 
of plants into one plant that will breed true. Years are 
required to produce a fine strain of plant, because only 
by raising and selecting plants over a period of years can 
the undesirable characl eristics be eliminated so that the 
plants will breed true. Many desirable varieties of plants 
have been produced by this method. 

Perhaps the best-known plant-breeder was Luther 
Burbank, who died only a few years ago. Among the 
plants he developed are the white blackberry, the Lawton 
berry, a walnut tree that grows very rapidly, and the 
Elephant-Heart plum. The development of the white 
blackberry is an interesting story. Burbank heard of a 
wild blackberry that had berries of a muddy-brown color. 
This gave him the idea that he might be able to produce 
a white blackberry. The berries of the wild plant were of 
no value because they were too small and tasteless. To 
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develop a white blackberry that would be of value, 
Burbank had to keep three goals in mind: (1) He had 
to get a whiter berry, (2) he had to get a larger berry, 
and (3) he had to get a berry of better quality. 

First, he looked around for a domesticated berry that 
was large and of good tiuality . He found this in the Lawtt)n 
blackberry. So he cross-bred the wild blackberry with the 
Lawton blackberry. The seeds that developed produced 
plants with blac-k berries. We would expect this because 
the black color was dominant over the lighter color, and 
the offspring were hybrids. However, seeds from these 
berries were planted, and some of the next generation of 
plants produced yellowish-white berries. The best of these 
were selected and grown, and some of the next genera- 
tion of plants produced berries so white and transparent 
that the seeds in them could be plainly seen. The best 
of these were selected and planted, and this same process 
was carried on for many generations. Finally Jiurbank 
securecl plants that would breed true. 

You might think from this illustration that the pro- 
duction of new kinds of plants is very simple and easy to 
carry on. As a matter of fact, it is most difficult and 
expensive. In one year Burbank discarded 65,000 black- 
berry plants that did not have the desirable character- 
istics. Successful plant breeding is only possible when it 
is carried on on a very wide scale. Thousands of plants 
must be grown, most of which are thrown away. Each 
year only a very few are selected to serve as breeding 
stock for the next generation. Many years are required 
to carry on the experiments, and sometimes millions of 
plants must be raised before a successful cross is produced. 
In a way such breeding is not the creation of anything 
new. The breeder starts with plants that have the desired 
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characteristics. His job is to get all of the desired char- 
acteristics in one plant. The result, though, is a new var 
iety of plant. It is a ])lant that differs from the original 
plants from which it was produced. 

Self-Testing Exercises 

1. How does the scientist make sure that self-pollination 
does not take place in the plants he cross-breeds? 

2. Why is cross-breeding likely to result in plants with new 
characteristics ? 

Problems to Solve 

1. Does a scientist actually create some new kind of plant? 
Give reasons for your answer. 

2. Show how Mendel’s experiments with plants explain what 
happened in Burbank’s experiment with the white blackberry. 

3. Read about Luther Burbank in reference books and learn 
about some of the other new plants he produced. 

H OW ARE DESIRABLE PI.ANTS PRODUCED FROM PARTS OF 
PLANTS? You already know that many plants are 
grown from cuttings. To do this a plant that bears ex- 
cellent fruit or beautiful flowers is .selected, and cuttings 
are made from either the roots or the stems. One end of 
the cutting is placed in sand, .soil, or water. Roots develop 
from the cutting, and it grows into a new plant. When 
this method of starting new plants is used, we do not need 
to bother about the hidden heredity of the plant. The 
cutting will develop into a plant with the same character- 
istics as the plant from which it was cut. Cuttings, as 
you can see, are valuable in growing hybrid plants. If 
we plant the seeds of a hybrid plant, we may or may not 
get a plant with the desired characteristics. We can be 
sure, however, that a cutting will grow into a plant with 
the same characteristics. Red raspberries, plums, and 
blackberries are often grown from cuttings. 



Fig. 521. In making a cleft graft the stock is split, the scions are 
cut and inserted so that the cambium layers are in contact (left), 
and wax is applied (center). The picture at the right shows the scions 
well established and growing. (International Harvester photos) 

Another method of growing plants with certain desir- 
able characteristics is graftuig. This is of great value 
in growing fruit trees. If an apple seed is planted, the tree 
that develops may not produce the kind of apple we want 
because of the mixed inheritance of the seed. If a Jonathan 
or any otlier variety of apple is wanted, the usual method 
is to plant apple seeds of any kind. The plants that de- 
velop are allowed to grow until they become fairly good- 
sized. 'i^heii the upper part of the plant is cut off, and 
twigs from a Jonathan tree are grafted on to iJie plant. 

You remember that a twig increases in diameter by the 
division of the cells in the cambium layer of the stem. In 
grafting, the cambium layer of the twig to be grafted 
(the scio7i) is brought into contact with iJie cambium layer 
of the twig upon which the graft is made (the stock). The 
graft is then covered with wax lo hold il together and to 
protect it. Cmriously enough, the top of the tree above 
the graft will bear fruit of the Jonathan variety regardless 
of the variety of the stock upon which it is grafted. Trees 
have been grown in which scions from many different 
kinds of apples have been grafted on one root system. In 
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neath the bark of the stock in inserted blueberry bud (U. S. 
the budding of an orange tree Dept, of Agriculture photo) 

this case many kinds of apples are grown on a single tree. 

A slightly different method of growing a desirable plant 
is by budding. In budding, a bud with a small piece of 
bark attached is removed from a good kind of tree. This 
bud and bark are then placed untler flaps of bark on a 
small tree grown from seed. When the bud begins to grow, 
the main stem of the tree is cut off just above the bud. 
The branch from this transplanted bud then develops 
into the whole top of the tree. Peaches, cherries, and 
grapes are usually grown by this method. The seedless 
orange first aijpeared as a mutation in Brazil. It is now 
largely reproduced by budding seedless-orange scions on 
trees grown from ordinary orange seeds. Most of the seed- 
less oranges that you eat are grown on trees propagated 
in this way from the original seedless-orange tree. 

Oranges are a good example of the value of grafting. 
Wild oranges have such excellent root systems that the 
plants can grow in colder climates than the climates in 
which our domesticated varieties can grow. ,The fruit of 
the wild orange, however, is not so large, sweet, and juicy 
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Fig. 524 . This carefully proteete<l tree is one of the first two see<lless 
orange trees sent to California. Knough bud wood has come from this 
small tree for acres of seedless-orange groves, but it is still producing 
good fruit. (Calif. Fruit Growers Exchange photo) 

as the fruit of our cultivated kinds. To secure the advan- 
tage of the root system of the wild orange, it is only neces- 
sary to grow a seedling of the wild orange and then graft 
on it a scion from a domesticated variety. The roots will 
be those of the wild orange, and the fruit will be that of 
the cultivated orange. Here, again, we do not need to be 
concerned with hidden hercidity. 

Self-Tosting Exercises 

1 . What is the difference between a cutting and a graft? 

2. How does budding differ from grafting? 

S, Why are grafting and budding used by fruit growers? 

Problems to Solve 

1. Why must the nurseryman be careful to have the cambium 
layer of the scion and stock in contact with each other? 

2. A farmer has two kinds of apple trees. He discovers that 
there is a market for one kind of apple but not for the other. 
What might he do? 
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Fig. 525. Compare the scrub cow on the left with the pure-bred one 
on the right. (U. S. Bureau of Animal Industry photo) 


Problem 3: 

HOW ARE DESIRABLE KINDS OF ANIMALS PRODUCED? 

W HAT IS A PEDIGREED ANIMAL? Those of you who live 
or have lived on farms know that high prices are 
sometimes paid for male cattle, horses and hogs. A single 
animal may sell for thousands of dollars. Of course, no 
animal is worth this sum of money merely as food or for 
work. But the animal is valuable because it can be used 
to produce other fine animals like itself. Such animals are 
said to be pure-bred, or pedigreed. You hear the same terms 
applied to dogs, cats, chickens, and other domesticated 
animals. What do these terms mean? Do you know why 
pure-bred animals cost so much money? 

Before we answer the question, “Why do pure-breds 
command high prices?” let us see what a pure-bred animal 
is. A pure-bred animal is one whose ancestry is known for 
several generations. The system of keeping records of 
animals, known as the pedigree system, started in England 
about 200 years ago. Under this system each animal’s 
name is recorded, and a number is assigned to the animal. 
The name and number of the sire (father) and of the dam 
(mother) are also recorded. Today, a farmer buying a 
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pure-bred animal can often trace the ancestry of the 
animal for a hundred years or more. 

The pedigree record also contains information about 
certain characteristics of the animal and its ancestors. 
For example, a record of a trotting horse gives also the 
speed of the horse, that is, its record in traveling a certain 
distance. A record of a dairy cow gives its production of 
milk and of butter fat. 


What the farmer or horse-breeder wants to know is 
whether or not a given animal can pass its desirable char- 
acteristics on to its offspring. This information can be 


obtained from the register. For 
example, all the offspring of a 
given stallion (male horse) with 
a certain speed record are reg- 
istered. The pedigree shows its 
matings with various mares of 
different strains and the speed 
record of its offspring. The 
records may show that the off- 
spring of this stallion do not 
seem to be as good animals as 
the stallion. The stallion is 
therefore no longer used as a 
breeding animal. Another stal- 
lion does pass his fine character- 
istics on to his offspring; there- 
fore, he is kept as a breeding 
animal. In this way there is a 



Fig. 526. The use of grading 
has improved the wool pro- 


process of selection going on for Auction of these sheep. The 

each generation. The best an- «beep at the right, which 
. . was sired by a pure-bred 

lllials, that is, those that pass on ram, has a much better 

their own fine qualities to their fleece than its scrub mother. 


Fig. 5£7. The calf was the offspring of a cross between a pure-bred 
Hereford sire and a scrub dam. Notice that the calf shows the char- 
acteristic Hereford markings of its sire. (U. S. Bureau Animal In- 
dustry photo) 

offspring, are selected for breeding purposes. Do you see 
why pure-bred animals are worth so much money? 

In actual practice there are different methods of raising 
better animals. In pure-breeding only registered males 
and females are used. This system secures the best results, 
but since registered animals cost much money, it is an 
expensive method. It is used mainly by animal -breeders 
who are most interested in producing animals that they 
can sell for breeding purposes. 

H ow ARK ANIMALS IMPROVED BY GRADING? The lUOSt 
common method of securing better animals is called 
grading. In this method the sire is a pure-bred animal, 
while the dam is not. Let us see how this method of breed- 
ing is used on dairy farms. Curiously enough, experiments 
have shown that the amount of milk a cow will give de- 
pends more on the father of the cow than upon the mother. 
An experiment carried on in Iowa a few years ago shows 
how important it is to use a pure-bred bull, whose ability 
to pass on the trait of a high yield in milk has been proven. 
In this experiment cows were bought in Arkansas. Noth- 
ing was known about their ancestry. They were just the 
common run of cows. A record was kept of the amount of 
milk they produced and the pounds of butter fat contained 
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in this milk. Then the cows were mated to pure-bred bulls, 
and a record was kept of the milk production of the 
daughters. These daughters were mated to pure-bred 
bulls, and a record was kept of the milk production of the 
granddaughters. The results (Table 4) show that the 


TABLE 4. Comparison of Dam, Daughter, and Granddaughter 
Records 


- 

Milk 

pounds 

Butter-fat 

pounds 

1n(;rk.\sk 

Cows 

Milk 
per cent 

Butter-fat 
per cent 

I)ains 

3660 

171 



Daughters 

5998 

261 

64 

52 

Graiiddauc'hters 

8401 

358 

130 

109 







granddaughters produced more than twice as much milk 
and butter fat as the original cows. 

You must not think, however, that just because a bull 
is pure-bred, it is neces.sarily a good bull. Some pure-bred 
bulls do not pass on the desired characteristic of high milk 
production. The only way to discover whether a bull will 
pass on this ability is to keep a record of the production 
of milk of his daughters. A farmer may buy a young bull 
whose pedigree seems to indicate that its daughters will 
be good milk producers. As the daughters grow up and 
begin to produce milk, a record of their milk production 
is kept. If this production is high, then the bull is kept 
for breeding purposes. If the record is not good, he is sold 
or sent to the butcher. 

Table 4 shows how a herd of dairy cows may be im- 
proved. The best daughters are selected and mated with 
a pure-bred bull whose ability to pass on the trait of high 
milk production has been tested. Through selection, year 
after year, the quality of the herd is improved. In the 
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same way the ability of hens to lay eggs can be improved, 
as shown in Table 5. From these examples you can see 
that grading is a very effective way of improving the 
livestock on a farm. It is less expensive than raising regis- 
tered animals, and the results are almost as good. 

TABLE 5. Improvement op Ego Production by Grading* 


Number of Eggs Laid in First Year 


Breed 


First- 

Second- 

Third- 


Mongrels 

Generation 

Generation 

Generation 



Grades 

Grades 

Grades 

White Leghorn 

75 

166 

197 

i 198 

Plymouth Rock 

105 

135 

166 

^07 


•Data from Lippincott in Kansas Agr. Exp. Sta. Bui. 


Still a third method of obtaining improved varieties 
of animals is used by men who are trying to obtain new 
breeds of animals. The method used is cross-breeding. It 
is the same type of method employed in plant breeding. 
This is, of course, a long and expensive process and is 
carried on only by experienced breeders with plenty of 
time and money. 

Self-Testing Exercises 

1. What is a “purc-bred” animal? 

2. What is the method of selecting ‘‘pure-bred” sires for 
breeding purposes? 

8. What is the difference between yjure-breeding, grading, 
and cross-breeding? 

Problems to Solve 

1. Visit a dairy farm. Find out what method the farmer uses 
to improve his herd. 

2. Look up the pedigrees of noted race horses. Make a list 
of famous horses that have descended from some noted an- 
cestor. 




Fig. 528. Have you ever seen a black rose? Not many people have, 
for these rare flowers were procluoe<l in Germany only after many 
years of experimental work. (Acme photo) 


LOOKING BACK AT UNIT 10 

1. Write a two-page summary^ of the most important ideas 
that you have gained from studying this unit. 

2. Make a list of the questions that you have liad that have 
been answered in this unit. 

3. Show that you know the meanings of the following terms: 

heredity sire dam variation 

cross-breeding trait inheritance recessive trait 

breed true blend dominant trait mutation 

mass selection hybrid progeny performance grafting 

scion stock pure-bred animal grading 

ADDITIONAL EXERCISES 

1. Get some seed catalogs and find new varieties of flowers 
that have been developed. 

2. Find out from your parents what new vegetables and 
fruits have been developed or improved since they were young. 
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3. Why can a plant-breeder make progress more easily 
than an animal-breeder? 

4. Refer to yearbooks of the Department of Agriculture. 
Report on the experiments in plant- and animal-breeding that 
are presented in these yearbooks. 

5. Find out the contributions made by Darwin, Davenport, 
DeVries, Galton, Lamarck, Mendel, and Weismann to the 
science of heredity. 

6. Find out how seedless grapefruit were developed. 

7. Obtain Farmers Bulletin No. 1567, U. S. Department 
of Agriculture, on budding and grafting. Find out the details 
of how to graft and then try it. 

8. Make some cuttings of evergreen trees. Cut a slip from 
the parent plant with a sharp knife held at an angle. Plant the 
end of the twig in a good soil and sand mixture. Keep the 
cutting under good growing conditions and see if it will pro- 
duce roots. 

9. Make a report on the origin of each of five pure breeds 
of some domesticated animal. Your report should include a 
discussion of the particular characteristics, both physical and 
otherwise, that distinguish each breed. 

10. Read Hunger Fighters by Paul DeKriiif, and find out 
how experiments have been carried on to produce better wheat 
and corn. 

11. Collect pictures for a bulletin-board exhibit of different 
breeds of cattle, sheep, hogs, chickens, and horses. 

12. Figuring three generations per century, calculate how 
many ancestors you must have had (a) in the year 1800, 
(6) the year 1000, (c) the year 800 B.C. 




Fig. 5^9. Millions of years ago Brontosaurus, the giant thunder 
lizard, roamed the world with earth-shaking footsteps. But his kind 
did not survive, and today we see him in museums only, reconstructed 
from the bones found beneath layers of dejiosited rock and soil. In 
this unit you will read something about the changes that have taken 
place in the earth and its inhabitants, and how man can read the 
history of these changes from rocks and the remains of the earlier 
living things. (Courtesy of Sinclair Refining (kmipany) 
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UNIT 11 


HOW HAVE LIVING THINGS DEVELOPED 
ON THE EARTH? 


INTRODUCTORY EXERCISES 

1. How old do scientists think the oldest known rocks 
are? How do scientists estimate the age of these rocks? 

*2. Why are some oceans and lakes salty? 

*3. How does erosion change mountains? 

*4. Tell in your own words how rocks are formed from 
sand and clay. 

*5. What are igneous rocks? What are metamorphic 
rocks? How is each kind formed? 

6. What are fossils? What facts have scientists learned 
by studying fossils? 

*7. What are radioax^tive elements? Name some of these 
elements. 

8. Millions of years ago many strange animals, known 
as dinosaurs, lived on the earth. What reasons could you 
give to explain why dinosaurs have disappeared from 
the earth? 

9. How do new kinds of animals get started upon 
the earth? 

10. Why do we find kangaroos only in Australia and 
elephants only in Africa and Asia? 

11. Make a list of the great groups of plants and another 
list of groups of animals. Begin with the simplest kinds. 
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Fig. 530. When these strange dinosaurs dominated the earth, they 
were surrounded by a ri(;h vegetation of fern-like cycads and some 
other cone-bearing trees, ((hmrtesy of Royal Ontario Museum) 


LOOKING AHEAD TO UNIT 11 

W HAT DOES the title of this unit mean to you? What 
are some of the things you think you will learn in 
this unit? If you could go back about 200 million years, 
you would find plants and animals very different from 
those that are living now. You would see many ferns and 
fern-like plants. The “petrified forests” of our western 
states (Figure 581), with their peculiar cone-bearing 
trees, would be alive and covering the hillsides. In other 
places you would see countless numbers of palm-like 
trees, known as cycads, and other curious plants. Groups 
of strange reptiles, known as dinosaurs, would dominate 
the land, air, and water. There would be no human beings, 
because they did not appear until millions of years later. 

If you could go back still further into the earth’s history, 
say 325 million years, the plants and animals would be 
even different from the ones that have just been described. 
In those days strange kinds of fish with heavy, bony 
armor lived in the seas, and you would find some of the 
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Fig. 531. “Petrified” trunks are the only remnants of the forests of 
early cone-bearing trees that covered these hillsides millions of years 
ago. (H. H. Darton and U. S. Geological Survey photo) 


earliest kinds of amphibians. These amphibians were 
large salamandcr-like animals nearly three feet in length. 
You would see forests of ferns and strange relatives of 
the ferns eighty feet tall. But there would be no plants 
with seeds or flowers. These living things were far more 
ancient than the ones you first read about. Figure 562 
shows some of them. Oompare these living things with 
those in Figure 580 and with the plants and animals of 
today lo get an even lietter idea of how vastly different 
living things were at different times in the earth’s history. 

But how do we know about these plants and animals 
of millions of years ago.^ For us to know about them, 
there must be some sort of record of the plants and ani- 
mals of the past. We cannot just imagine what living 
things were like and let it go at that. What kinds of re- 
cords do you think the living things of the past have left? 

In your history classes you have found that many kinds 
of records have been left by people to tell us how they 
lived in the past, such as old letters, diaries, and early 
laws. Earlier records were carved in clay and stone and 
painted on the walls of caves. Bones of animals and of 
men, remains of dwellings, and crude tools and household 
utensils help tell the story of the still more distant past. 
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Fig. 532. When the geoloj^ist finds a dcj)nsit such as these dinosaur 
bones, he is uncovering another clue to the history of the earth. 
(Dr. Barnuni Brown, American Museum photo) 

But what about the story of life before man appeared 
upon the earth and began to make record You know 
that plants and animals cannot leave the kinds of records 
that people have left. However, they have left certain 
records that can be read by those who know how to read 
them. Curiously enough, the geologist gets his information 
about the living things of the past directly from the things 
that were once alive. He does not have to (h^piuid upon 
what someone else has said. He stiulies the actual remains 
of the dead plants and animals in the rocks. These remains, 
as you know, are called fossiis, and they show the struc- 
ture of the living things that left them. 

However, we want to know more than just the structure 
of living things of the pa.st. We want to know how plants 
and animals developed; that is, we want to know how 
living things have changed since the first living things 
appeared on the earth. Geologists know that different 
kinds of fossils are found in different layers of rock. If we 
can discover the ages of these different layers, then we 
can tell about the age of the fossils. 
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r ICJ. 583. Our ideas of the earth and its history have changed greatly 
since the time when the ancient Egyptians believed the universe 
looked like this. (Yerkes Observatory photo) 


Problem 1 : 

HOW DO GEOLOGISTS DISCOVER THE HISTORY OF THE EARTH7 

H OW DO TII15 CHANtiES IN THE EARTH TODAY HEDI* XJS 
TO LEARN WHAT HAPPENED IN THE PAST? People 
have had many curious beliefs about the earth. For 
example, some of the ancient people believed that fossils 
were strange rocks formed under the influence of the stars. 
Only within the last 150 years have men found out what 
really happened to the earth in the past and what kinds c)f 
plants and animals have lived on it. 

One way of studying the past is to study what is 
happening now. Geological processes are going on today 
just as they were in the j:)ast. The surface of the earth 
changes slowly, but even within the memory of people 
alive today some changes have taken place. So, if scien- 
tists study the changes that are going on now, they can 
find clues to explain what has happened in the past. 

About 2000 years ago the Romans built a temple on the 


612 



Fkj. 584. Holes bored by sea animals in the columns of this ancient 
Roman Temple give evidence that the building was untler water 
for many years because of the sinking of the coast line. (Acme photo) 


seashore near Naples. Through hundreds of years the land 
sank gradually until the water stood twenty -one feet high 
on the stone columns of the buildings. Small, shelled sea 
animals bored holes in the columns and lived in them. 
T^ater, the land rose above the water, and the temple was 
rediscovered about 200 years ago. In its columns were 
holes made by the sea animals during the centuries that 
the land had been under water. Today the coast is sink- 
ing, and the temple is slowly going under the water again. 

Land is rising and sinking in other parts of the world, 
too. Over 100 years ago a fisherman along the northern 
coast of Sweden cut marks in I he rock at the water’s 
edge. Today these marks are a number of feet above 
water. Geologists tell us that the northern coast of Sweden 
has risen about seven feet in the last 175 years and that 
parts of our western coast are slowly rising today. 

You must not get the idea that most of the land over 
the earth is rising. Some of it is rising, some of it is sta- 
tionary, and some of it is sinking. The paved streets of a 
certain town in southern Sweden were on dry land many 
years ago; now they are under the sea. Much of the 
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Fig. 535. Geologists know that lofty Mt. Robson in Canada w^as 
once under water, because they have found the remains of sea animals 
in its layers of sedimentary r<x?k. (Acme photo) 

eastern coast of the United States is slowly sinking. The 
islands in New York Bay are the tops of hills that arc 
still above water. These hills were once part of the land. 
Parts of the New England coast are gradually sinking, 
and the Chesapeake Bay is really a ‘‘drowned river 
valley.” The river systems of this region were formed 
when the land was well above sea level. Later the land 
sank, and water pushed up into this valley, making the 
bay as it is now. Of course these changes take place very 
slowly. Parts of England are sinking, but scientists es- 
timate that, at its present rate, it will take about 40,000 
years for it to sink beneath the sea. 

Since you have learned that even today land is still 
sinking in some places and rising in others, it is not so 
hard to believe that this has been going on all during the 
millions of years of the earth’s history. Even though the 
movement is very slow, great changes can take place in 
the long periods of geological time. A rise of one foot a 
century would lift land almost two miles in a million 
years. L)o you see why the remains of sea animals can be 
found in rocks on the tops of hills and mountains? 
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From your previous study of science you know that 
land is being eroded in some places and built up in other 
places. Deep river gorges are being cut, and new rocks 
are being formed slowly as material is deposited. When 
geologists find old gorges that are now filled up, the 
eroded remains of ancient mountains, or other formations, 
they can tell what has happened in the past. Since we 
know that the.se happenings are taking place today, it is 
not difficult to link them up with past happenings. Using 
the present to help tell what happened in the pa.st was 
one of the ways by which scientists began to learn the 
history of the earth. 

James Hutton, Scotch physician and 
farmer, was one of the first people to use this 
method. This Scotch farmer liked to walk 
along the sandy beach near his farm. On 
still days he saw the beautiful ripple marks 
the waves made in the sand, and on stormy 
days he saw the waves wearing the rock 
cliffs away. Also, he found ripple marks in 
the hardened sand-stono along the shore. He 
reasoned that these marks in the .sandstone 
must have been made by waves on a .sandy 
beach countless years i)efore. Sand was 
washed over these marks, and the cua.st 
gradxially sank as more sand was deposited. 

Then the sand hardened into sandstone, 
and in this way the ripple marks were pre- 
served. Then, rea.soned Hutton, the beach 
must have been raised above the sea, and 
the waves mu.st have cut into the .sandstone 
to expose the ripple marks. He was reading the hi.story 
of this beach from what was happening in the present, 



Fig. The 
ri])ple marks 
on the lieaeh 
of an ancient 
sea (Chicago 
Mus. photo) 


SCIENCE PROBLEMS, BOOK THREE 


616 

Self-Testing Exercises 

1. Explain how scientists know that land is rising in some 
places and sinking in others. 

2. Tell in your own words how a knowledge of what is 
happening to the earth now helps us find out what has 
happened in the past. 

Problems to Solve 

1. Why do you suppose many people think that the earth 
is not changing today? 

2. In some good reference book find more about the work 
of James Hutton. 

W HAT DO LAYERS OF ROCK TELL ABOUT THE EARTH’s 
HISTORY? When rock layers are exposed, they are 
the pages from which geologists read a great deal of the 
earth’s history. The materials of which the rocks are made 
tell something of how they were formed. You recall that 
sedimentary rocks are formed by eroded material that 
settles to the bottom of seas or streams or that is de- 
posited in layers by wind. If the rocks are sandstone, the 
geologist knows they were made from tiny pieces of 
another kind of rock (quartz) that might have been 
deposited by wind or swiftly running water. If the rocks 
are shale, he knows they were made from tiny particles 
of mud that settled in still water. And if the rock is lime- 
stone, the scientist knows that it was formed at the 
bottom of a body of water and that it was made mainly 
of material from the shells and skeletons of sea animals. 

The way layers of rock lie in relation to each other also 
helps geologists read the history of the earth. For ex- 
ample, look at Figure 537. In this figure you see that 
the upper layers are horizontal. What does this tell a 
geologist? In the first place, he knows that layers of sedi- 
ment which change into rock are always deposited in 
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Fig. 537, This diagram shows what happens to layers of rook where 
a fault occurs. The places labeled “Old Kroded Surface” are the 
unconformities. 


horizontal layers. So any tilted layers must have been 
originally in a horizontal position. How, then, did they 
come to be tipped? One end was raised, and the other end 
was lowered; or great pressure may have been exerted 
from each side, causing the layer to fold. You can show 
how this last could happen by pushing on the ends of a 
writing tablet or other thin pad of paper. Figures 537 and 
538 show that these layers must have been raised above 
the sea and that erosion has taken place. This is not (juite 
so easy to see. How can a scientist tell this? 

Geologists know that the rocks were lifted and eroded 
because the layers of horizontal rock on top of the tilted 
layers are not the same layers that are found in other 
places. They are layers that were formed much later in 
geological history. So the geologists reason that the rocks 
must have been tilted and lifted above the surface of the 
sea at some time in the earth’s hivStory. Later these tilted 
layers must have sunk bek>w the sea again. How do they 
know this? They know it because new layers of rock have 
been deposited on top of the tilted rock. These places 
between layers of older rocks and layers of newer rocks 
are called unconformities. At these places the rocks do not 
conform, or agree. They show that changes have taken 
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Fig. 538. If you follow the numbers showing the layers, you can see 
how rocks can fold and how the folding may pile older rock on top 
of newer rock. 

place between the time the old rocks were formed and the 
time the newer rocks were laid down. Thus they separate 
the geological history of that region into divisions. 

When sedimentary rock is formed, the oldest layers 
are usually at the bottom, and the youngest are at the top. 
This, too, helps us find out about the past. But the geolo- 
gist must be very careful about saying that the youngest 
rocks are at the top, for, as the earth’s surface changes, 
rock layers may be folded over, and the old layers will 
apjiear at the top (Figure 538). 

Often great cracks are found in rocks, as Figure 537 
shows. These cracks where the rocks have broken and 
slid past each other are called /a When geologists find 
these cracks, they know that some tremendous force 
broke the rocks and moved them along past each other. 
Sometimes a block between two faults has been pushed 
up above the rocks on either side, or it may have fallen 
down between them. Such haiipenings help to show us 
the changes that liave taken jilace in the past. 

In Grand Teton National Park, Wyoming, and in 
many other places, there are peculiar banded rocks. The 
layers of these rocks are often found in wavy bands, 
which shows that they have been changed by great pres- 
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Fig. 539. The line of a fault may often be followed, on the surface 
of the earth, along great cracks that open up above the break in 
the rocks. (U. S. Geological Survey photos) 

sure. Rocks that have been changed by pressure and heat 
are known as jnetamorphic rocks. They were once other 
kinds of rock, but changes inside the earth have changed 
them. In some places the rock is found not to be in layers 
at all. It appears to have been melted at some time and 
then hardened as it cooled again. This kind of rock, you 
will remember, is igneous, or “firc-l*orme<l,*’ rock. Some- 
times igneous rock is found scpieezed in between layers of 
sedimentary rock. This tells us that the sedimentary rock 
must have formed first and that the melted rock was 
later forced in between its layers. Other masses of igneous 
material tell geologists by their peculiar arrangement that 
they were once parts of ancient volcanoes. 

From this brief story of the ways in which geologists 
read the history of the earth, you can see that the positions 
of rock layers and the order in which the layers are found 
can be used to tell what must have happened. 

Self -Testing Exercises 

1. How is sandstone formed? Shale? Limestone? 

The youngest layers of sedimentary rock are usually at 
the top. Use a pad of colored construction paper or layers of 
clay to show how older layers may get on top of younger layers. 
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Fig. 540. Great collections of bones stored in museum workrooms 
must be studied and assembled before the scientist can tell us the 
story of animal life on the earth. (American Museum photo) 

3. What happens to cause a fault in layers of rock? 

4. State several important facts that can be learned about 
the earth's history by studying the layers of rock. 

W HAT DO POSSIJLS SHOW ABOUT THE PLANTS AND 
ANIMALS OF THE PAST? When you hold the fossil 
remains of some plant or animal, it is hard to believe that 
you are holding an object that may be millions of years 
old. l^'he word fossil really means “something dug up,’* 
for ancient people found fossils by digging in the rocks. 

Most of the fossils that are found are the hard parts of 
animal bodies, that is, the shells, bones, teeth, etc., or 
the hard parts of plant bodies. You can easily see why 
this is true. Most of the soft parts decay soon after the 
animal dies, and only the hard parts are preserved. Por 
the entire body to be preserved, an animal must be cov- 
ered soon after death with some kind of material that 
will keep the air away from it. Sedimentary materials, 
such as clay, sand, and lime-mud, are the usual materials 
that cover the bodies of dead animals and plants. That is 
why fossils are usually found only in sedimentary rocks. 
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However, other materials such as resin, volcanic ash, 
dust, ice, and tarry substances have often covered and 
preserved animal bodies. 

The most valuable kind of fossil is the kind in which 
both the hard and the soft parts of the animal or plant are 
preserved. Over 100 years ago the remains of a mammoth 
(an ancestor of the elephant) were found in the ice in 
northern Siberia. It had been in “cold storage” since the 
last great Ice Age, thousands of years ago. Scientists be- 
lieve that many of these animals are preserved in the 
glaciers of Siberia and Alaska. They make valuable finds 


for scientists, for their bodies arc 
in almost perfect condition. Other 
quite perfectly preserved fossils 
are found in oil-saturated soils in 
Poland and in natural asphalt pits 
in California. Amber (the harden- 
ed resin of ancient cone-bearing 
trees) from the sliores of the 
Baltic Sea often contains insect 
bodies that have been preserved 
for millions of years. However, 
such perfectly preserved fossils 
are scarce. 

Another type of fossil is the 
remains of a plant or animal whose 
body or body parts have been 
changed into stone. We say that 



it has 'petrified. Sometimes an an- Fie. 541. An extinct 


imal or plant may become buried, 
and the soil around will harden. 
Then the body decays, leaving a 
mold that looks like the animal or 


specie.s of termite pre- 
served in amber (P. S. 
Tice photo of specimen 
from Dr. A. E. Emerson, 
University of ("hicago) 



Fic5. 542. The imprint of a Fio. 548. The footprints of a dino- 
fern leaf (Walker Museum, saur that has long been extinct. 
Univ. of Chicago photo) (Chicago Museum photo) 

plant. Later this mold fills with minerals that harden. 
When the rock is broken, we find a “mold-fossil” that 
looks like the living thing that made it. 

Still another kind of fossil is known as an imprint. 
Figure 543 shows the print of a dinosaur’s foot that was 
made in soft soil. Later this print was covered with more 
soil which finally hardened into stone. In Pennsylvania, 
Connecticut, and many other parts of the United States, 
particularly in the West and the Northwest, tracks of 
these animals are found in rocks. Prints of leaves, shells, 
and other objects are common. In coal mines fossil im- 
prints of ferns and other kinds of plants are often found. 
Even the trails made by worms as they crawled along 
and the holes bored by them for homes have been found 
fossilized in rock. 

Over 150 years ago an Englishman by the name of 
William Smith recognized the value of fossils in learning 
about the earth’s history. He reasoned that fossils of a 
certain bed of rock show what was happening when the 
rock was being formed. Scientists have since learned 
that certain kinds of fossils appear in different groups 
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Fig. 544. The mold of a brachiopod (Walker Museum, University 
of (])hicago photo) 

of rocks. However, each different division of geologic 
time contains fossils that appear only in that division. 
For these reasons fossils enable geologists to separate 
the history of the earth into periods. That is how geolo- 
gists can tell the approximate age of the rocks and fossils. 

One of the most important things fossils show is what 
kinds of plants and animals lived in the past. In addition 
to this, they help us to know what the climate was like 
then and under what other kinds of conditions the plants 
and animals lived. For example, the fossil fern in Figure 
542 lived in a warm climate and must have grown in or 
near a shallow, fresh marsh. Coral that is now fossilizeil 
could have lived only in warm, shallow seas, and the 
mammoth mentioned on page 621 must have lived dur- 
ing a cold age when there was much ice. Sedimentary 
rocks often contain fossil imprints of raindrops, ripple 
marks, and mud cracks. These, too, tell us of the con- 
ditions on the earth when the fossils were formed. 

Self-Testing Exercises 

1. Why are the soft parts of animal and plant bodies not 
often preserved? 

2. Explain why fossils are found in sedimentary rocks and 
not in igneous rocks. 

3. List three different ways in which fossils are formecl. 
Explain each and give examples to illustrate it. 
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4. What do fossils tell about the past? Give illustrations to 
prove your points. 

5. How do fossils help geologists tell the age of the rocks? 

Problem to Solve 

Read in some good reference book to find (a) how fossil ex- 
hibits are prepared for museums, and (6) what fossilized 
animal bodies have been found in asphalt pits. 

H ow DO WE READ THE “GEOLOGIC TIME-TABLe”? 

People who have not studied geology often get the 
idea that the earth has always been much the same as it 
is now. However, from your study of the unit this far, 
you know that the earth is constantly changing. These 
changes go on so slowly that a person can observe only 
very slight changes in his whole lifetime. The average 
life span of man today is about sixty years. When you 
remember that the oldest known rocks are at least two 
billion years old, you can easily see why you can observe 
so little of what is really happening to the earth. Two 
billion years is time enough for a great deal to have taken 
place. What have been some of the outstanding events 
that have happened to the earth during all this time? 

First of all, the geologists have found that the history 
of the earth can be divided into certain parts. The longest 
division in the earth’s history is known as an Era. In the 
earth’s past history there have been at least five important 
eras. These eras are shown in Table 6. One of the first 
questions that you will want to ask is, “How do geologists 
tell when one era has ended and another has begun?” 
Eras are represented by layers of rocks that are enough 
alike to separate them from other layers. Plant and animal 
fossils and other features make them alike. The ends of 
eras are marked by unconformities or breaks in the record 
that are great enough to be found all over the earth. 
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were deposited first, and the younger layers were de- 
posited on top of them. When you read Table 6, you 
begin reading at the bottom and read upward. A section 
of the rock layers from which this table is made might 
be thought of as a column of rock with the oldest at the 
bottom and the youngest at the top. However, at no 
single place in the earth will the entire 
column be found, for some of it has been 
destroyed. Geologists have had to piece 
the column together by studying the 
best examples of rock from different 
places over the earth. So our time-table 
is an ideal one that has been put together 
from many pieces. At any single place 
in the earth you will find parts of this 
column, but not all of it. 

You begin reading the table in the 
lower left-hand corner. The first column 
shows the eras. The next column shows 
the periods into which the eras are 
divided. The figures in the second col- 
umn show the number of years (in thou- 
sands or millions) that have pa.ssed since 
each period began. The third column 
shows the most important changes that 
have happened to the earth, and the last 
column shows the changes that have 
taken place in plants and animals. Of 
course, you need not memorize the names 
of eras and periods or the events that have happened. 
The most important thing is for you to understand the 
.story in general, that is, .some of the great changes that 
have happened to the earth and plants and animals. 



Fig. 546. In the 
latter part of the 
Paleozoic Era 
stalked crinoids 
were abundant. 
(Photo by Dr. 
Ralph Buchs- 
baum from his 
Animals Without 
Backbones) 


Fio. 547. By the end of the Permian Period reptiles had developed 
greatly, and such creatures as the fin-backed Dimetrodon were 
common. (United States National Museum photo) 

Self-Testing Exercises 

1. Make your own definition of eras. Of periods. Read the 
book again to see whether you are correct. 

2. How do geologists tell where, in the rocks, the record of 
one era ends and another era begins? 

3. What is believed to have happened to the earth between 
eras ? 

4. Why are geologic charts or “time-tables" read from the 
bottom upward? 

5. To get the general plan of the earth’s history in mind, 
you will find it worth while to study the geologic time-table 
in Table 6 with great care. Perhai:)S the best way to do your 
studying will be to make a copy of the time-table for yourself. 
I)o this thoughtfully. Underneath it or on a separate sheet of 
paper write some of the questions about it that you would 
like to have answered. 

Problem to Solve 

Find in reference books other kinds of geologic time-tables. 
Compare them with Table 6. How are they alike? E>o they 
disagree on any important points? 
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Fig. 548. Giant flying reptiles with a wing spread of nearly thirty 
feet and small toothed birds flew over the seas during the Cretaceous 
Period. (United States National Museum photo) 

H OW DO GEOLOGISTS ESTIMATE THE AGE OF THE EARTH.?^ 

Scientists have used about forty different meiliods 
in trying to estimate how old the earth really is. Of 
course, it is not possible to state the earth’s age exactly. 
However, an interesting thing is that each of the forty 
methods indicates that the earth is very, very old; so old, 
in fact, that we can scarcely imagine it. Let us examine 
briefly a few of the best of these methods. 

One method that has been used is based uiion how fast 
the land is eroded in some places and how fast it builds 
up in other places. Scientists have estimated that all of 
the different layers of sedimentary rocks that have beim 
deposited over the earth would form a layer between 
seventy and one hundred miles thick. They have also 
estimated that it takes about 880 years to form one foot 
of rock. Dividing the thickness of the rocks by the rate 
of formation gives the age of sedimtmtary rocks. 

When material is deposited in one place, it must have 
been eroded from another place. So the rate of erosion is 
used with the rate of formation as a method of checking 
the age of the earth. The United States Geologic Survey 
has estimated that about 10,000 years are needed on an 
average for a layer of material one foot thick to be eroded 
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Fig. 549. The dotted line shows the brink of Niagara Falls before 
great masses of rock fell from the rim in 1934. By studying the rate 
at which the falls are wearing away, the age of the gorge can be 
estimated. (Acme photo) 

from the surface of our country. You can readily see that 
it would take a very long time for much erosion to occur. 
However, the rate of erosion and deposition of ma*Lerials 
during the ages seems to have been uncertain. It was 
probably much faster at some times than at others. So 
the best we can say about the age of the earth by using 
this method is that it is tremendously old. 

However, geologists do believe that the rate of erosion 
is valuable in telling how long ago recent events have 
happened. For example, the Niagara River is wearing 
away the rock over which it falls at the rate of about 2.8 
feet per year. To have formed the seven -mile gorge 
through which it now flows below the falls must have 
taken from 18,000 to 80,000 years. This figure also tells 
how long ago the last great Ice Age was, for these falls are 
believed to have formed when the glaciers melted away. 

Another way of estimating the age of the earth is 
based upon the amount of salt in the ocean. All the water 
that enters the ocean contains some salt mixed with the 
other minerals it has dissolved. Scientists have estimated 
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Fig. 550 . These two scientists are using a very complicated piece of 
apparatus to determine the age of rocks by measuring the amount 
of helium present. (Science Service photo) 


rather accurately that about 160 million tons of salt are 
added to the ocean each year in this way. lliey liav(‘ also 
analyzed sea water and from this have calcidated tlie 
total amount of salt in the oceans. Dividinjy the total 
amount in the oceans by the amount added each year 
gives a staggering figure for the age of the earth. We must 
be very careful to be scientifically a(*c*urate in our state- 
ments; so the best estimate we can make from this 
method is that the oceans themselves are tremendously 
old, certainly well over 100 million years. 

The most accurate way of estimating the age of the 
oldest known rocks has only recently been discovered. 
This method is based on the changes that take place in 
igneous rocks. Certain elements, such as uranium, are 
constantly going through a series of changes, until finally 
helium (a gas) and lead are formed. These elements are 
called radioactive elements. The rate of these changes is 
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always the same; it is not influenced by outside condi- 
tions. Therefore, this is believed to be the most accurate 
method of estimating geologic time. A sample of rock 
containing uranium is found. The amount of unchanged 
uranium in it is compared with the amounts of helium 
and lead that are present. Then, by using a mathematical 
formula, the age of the rock can be estimated. The oldest 
known rock on the earth is a specimen that came from 
northwestern Russia. Its age is thought to be about 
1,852,000,000 years. From the different methods used, the 
minimum time since the formation of the earth’s crust 
must have been at least 2,000,000,000 years. 

Self-Testing Exercises 

1. Name three methods by which geologists estimate the 
age of the earth. Explain each method briefly. 

2. Which of the above methods is believed to be the most 
accurate Can you tell why.? 

8. How old do scientists believe the earth must be? 

Problem to Solve 

Write to the state geological survey at your state capital 
for information about the geology of your region. Tell them 
that you want to know about the kinds of rocks in your locality 
and how old they are. Study the material you receive to learn 
about the oldest and the youngest rocks in your locality. What 
are some of the great changes that ha v(‘ taken place? 

Problem 2: 

WHAT HAVE GEOLOGISTS LEARNED ABOUT THE LIVING THINGS 
OF THE PAST? 

AT EXPOSITIONS and fairs you sometimes see a parade 
of locomotives that begins with the very first kinds 
ever used and ends with the latest^ — the ones now in use. 
Would you like to watch a similar parade of animals from 
the most ancient ones down to the '"latest models”? Of 



Pic;. 551. In the Eocene Period in North America, small fonr-toed 
horses about the size of large dogs lived in the semi-tropical forests 
with the large Uintatherium, (Chicago Museum-Herbert photo) 

ct)urse it would be impossible to sec such a parade of the 
real animals. But scientists have learned so much about 
animals of past geological ages that artists can draw 
quite satisfactory pictures of many of them, and sculptors 
can make models of them. 

In their study of the rocks geologists have uncovered 
fossils of many animals that are much like some of the 
backboned animals of today. However, such fossils are 
found only in layers of rock that have been rather recently 
made. As they work in older and older layer the geol- 
ogists find fossils that are less and less like the animals 
of today. Let us follow the geological story of one familiar 
animal. From this story you can get valuable ideas 
about the history of the animal kingdom. 

W HAT HAS BEKN THE HISTORY OF THE HORSE? HorseS 
are the “show animals” of the world. People love 
to exhibit them at shows and demonstrate how fast they 
can run in various kinds of races. Horses are the ' ’show 
animals” of geologists, too, because their history for 
millions of years back can be traced very accurately. 
Fossil remains of early horses have been found on ev»^ry 

633 


634 


SCIENCE PROBLEMS, BOOK THREE 


continent except Australia. The history of the horse 
illustrates how a group of animals survived because they 
could become adapted to changing environments. 

Horses, as you know, are mammals whose family includes 
zebras and donkeys. These creatures are hoofed animals 
having an odd number of toes. It may seem strange to 
think of a horse having toes, but the foot of a horse is 
really a single toe with the remains of two tiny bones 
(splint bones) that represent other toes. You have never 
seen these unless you have examined the skeleton of a 
horse very carefully. 

When you think of horses, you think of large, slick- 
coated, graceful animals with long legs. These modern 
animals are quite different from the earliest horses. The 
first horse of which fossils have been found appeared 
almost 60 million years ago in the Eocene Period (Figure 
55 \). Fossils found in Texas show that the horses of this 
period were about the size of a small dog or a large house 
cat. In those days of long ago the horse had four toes on 
each front foot and three on each hind foot. Geologists 
tell us that there are reasons for believing that earlier 
horses than these had five toes on each foot. If we could 
see these animals with their short necks and legs, short 
heads, and arched backs, we would not recognize them 
as horses or as relatives of horses. Even their teeth were 
different. Instead of having large, flat grinding surfaces, 
the teeth were more like those of present-day monkeys 
and pigs. However, the structure of their fossil skeletons 
tells geologists that these animals really were horses. 

During the Eocene Period, when these first-known 
horses lived, the climate was warm, and there was much 
moisture in the air. Semi-tropical forests were widespread. 
In these forests these little creatures could find plenty 




Fig. 552. The earliest known horse was the tiny Eohippus, with 
four toes on its front feet. (Chicago Natural History Museum photo) 

of food and could escape their enemies by hiding among 
the trees. But slowly, over thousands of years, the 
climate changed. The land was raised higher above the 
seas, the amount of moisture in the air became less, the 
temperature grew colder, and most of the forests van- 
ished. Open grassy plains took their place. Along with 
these changes in their surrouinlings came changes in the 
horse-like animals. Remember that these changes took 
millions of years. Probably many mutations appeared 
among these animals. Some of the mulations were of no 
value, or were even harmful. Others were valuable be- 
cause the animals that had them were better fitted to 
live amid the conditions that surrounded them. The 
animals best fitted to live survived and reproduced; those 
that could not meet the changed conditions died. 

During millions of years many changes took place 
in the horse’s structure. The fossils show that horses’ legs 
gradually became longer. Their teeth became harder and 
changed to flat chewing teeth, and their necks became 
longer. The earlier horses probably had not needed to 
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Jb^ici. 553. Later in the Cenozoic Lra the horse had become a larger 
animal, with but three toes on its front feet. This horse, called 
Mesohii^pus, probably looked like the ones shown here. (Chicago 
Natural History Museum photo) 

reach the ground so easily because the thick, tall plants 
of the warm forests were as tall as they were. Their heads 
also lengthened, and their eyes were moved farther up. 
Their bodies became longer, and their feet changed. At 
first they walked with their toes flat on the ground, but 
gradually they began to stand more and more upon their 
toes. The middle toe grew long with thick, strong bones. 
The other toes grew smaller and smaller. Today horses 
walk on the ends of their middle toes. Only tiny sj^lint 
bones (and fossils of more ancient horses) show us that 
they once had other toes. In most cases the changes re- 
sulted in better adaptation of the horse to its environment. 

The story of the horse is the story of a single animal. 
Geologists have learned equally interesting stories about 
other animals, such as camels, elephants, and rhinoceroses. 
These stories show that remarkable changes have taken 
place in the structure of these animals. Geologists can 
piece these stories together by means of fossils and other 
records of the past. Perhaps now you understand better 
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Fig. 554. Models of the different horses that have lived on the 
earth show how they have changed from little Eohippus to the tall, 
sleek race horse of today. (Chicago Natural History Museum photo) 

how changed surroundings can affect the structure of 
animals over periods of time. The animals must either 
change as their surroundings change, or they die. In most 
cases an animal is so much like its parents that almost 
no change is noticeable in one generation. But when 
slight mutations take place from generation to generation 
for many thousands of years, a very different race of 
animals develops. 

Self-Testing Exercises 

1. Make a list of changes that geologists believe have taken 
place in horses since they first appeared upon the earth. 
Opposite each change describe an important change of environ- 
ment that probably made this change helpful to the animal. 

2. What do scientists believe happened to animals that 
changed in ways that were not helpful? 

Problems to Solve 

1 . In some good reference book find a chart that shows the 
development of horses. Study it carefully to learn more about 
the development of these important animals. 

2. See if you can find in reference books the geological story 
of the elephant. 
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W HAT HAVE BEEN SOME OP THE IMPORTANT EVENTS 
IN THE DEVELOPMENT OF ANIMAL LIFE? YoU have 

seen that over periods of millions of years animals slowly 
change as their surroundings change. These changes in 
animals are necessary to adapt the animals to different 
living conditions. Let us now trace some of the great 
changes that scientists believe have occurred in animals 
as the earth has developed to its present condition. 

Scientists are not certain as to how life began upon the 
earth; neither do they know when and where it began. 
But we do know that ever since it began, there has been 
constant development from simple to more complex kinds 
of living things. The simplest kinds of living things prob- 
ably appeared upon the earth almost 2000 million years 
ago (page 626). There are no fossils to show what these 
animals were like, but scientists find rocks made of sub- 
stances that they believe must have been formed from the 
bodies of simple kinds of animals. Certain kinds of lime- 
stone are rocks of this sort. This leads us to believe that 
life existed upon the earth when these rocks were made. 

The first kinds of animals were probably much like the 
simplest animals we find today, and of course they lived 
in the water because they had no way of keeping their 
bodies from drying up. These were very soft-bodied one- 
celled animals known as protozoans (see Unit 2 of this 
book). It was many millions of years later (in the Pro- 
terozoic Era) that animals began to form fossils. These 
oldest fossils are the remains of sponges. Sponges are 
inany-celled animals. Therefore we believe that life had 
made great development from the one-celled protozoans 
to the many-celled sponges. 

About 550 million years ago (in the Paleozoic Era) 
sea-dwelling invertebrates became abundant. Most of 






Fig. 555. The nearest present-day relative Fig. 556. A relative of the 
of this Cambrian trilobitc is the horse- first air-breathing sea- 
shoe crab. Look at Figure 112, page 122, scorpions (Photo by Dr. 
again. (Chicago Museum photo) Ralph Buchsbaum) 

these animals were early kinds of mollusks with shells and 
peculiar kinds of arthropods known as trilobites. None of 
these animals is living today, but Figure 555 shows one 
of their fossil remains. A few million years later the first 
animals with backbones appeared. These were peculiar 
fish-like vertebrates that had a kind of bony armor for 
protection. In 1891 the fossil remains of some of these 
animals were found in sandstone layers near Canyon 
City, Colorado. The appearance of animals with back- 
bones was an important event in the development of 
animal life. Think back over Unit 3, and perhaps you 
can suggest some reasons why this was truly a great 
milestone in the history of animals. 

A good many million years later (in the Silurian Period) 
another important event occurred : The first air-breathing 
animals appeared. Ever since the first animals had ap- 
peared, they had all lived in the water. These strange 
first air-breathers were known as sea-scorpions. They 
probably lived in or near the sea while they were very 
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young, and they took to the land when they became 
adults. It is interesting to know that soon after sea- 
scorpions appeared, other air-breathers, the ancestors of 
the ^'thousand-leggers’' of today, appeared. 

In the next later period (the Devonian Period) a most 
important milestone in the development of animals 
occurred. Lung-fish appeared. These animals had air 
bladders that opened into their mouths. These fishes are 
important in the story of animal development because 
their air bladders are similar to the lungs of higher kinds 
of vertebrates. Scientists who have studied the matter 
carefully believe that the first land animals with lungs 
developed from fish with lungs. Some lung-fish can still 
be found on the earth. They encase themselves in mud 
during dry seasons and breathe moist air through pores 
in their mud coverings. Of course, lung-fish do not have 
lungs like ours, but this adaptation keeps them alive 
during unfavorable conditions. Perhaps you may be able 
to see a lung-fish in some large public aquarium. Still 
later in this period the first amphibians appeared. Prob- 
ably they developed from fish with lungs. Get some frog’s 
eggs in the early spring and hatch them in an aquarium. 
As they change from fish-like tadpoles to land-living 
frogs, you can watch in a few weeks some of the changes 
that took millions of years in the first amphibians. 

In the period when the most coal was being formed 
(the Carboniferous Period), two important milestones 
were reached: The first reptiles and the first insects ap- 
peared. The latter part of the period is often spoken of 
as the “golden age” of insects, because fossil remains 
show that there were many kinds and that some of them 
were larger than any we know today. For example, the 
fossil of an insect like a dragon-fly has been found in 
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Fig. 557. A serpent star from the Devonian Period (Photo by Dr. 
Ralph Buchsbaiim from his Animals Without liackhones) 


Belgian coal deposits of that time. It had a wing spread 
of twenty-nine inches. Think of seeing an insect with 
wings longer than those of a crow ! Fortunately, however, 
insects seem to have become smaller since that time. 
A good many millions of years later huge sprawling am- 
phibians became the most numerous creatures on earth. 

About 200 million years ago (in the Mesozoic Era) still 
another kind of animal dominated the earth. These ani- 
mals were the kinds of reptiles known as dinosaurs (dino 
means terrible; saur means lizard). They ranged in size 
all the way from a few inches in length to nearly seventy 
feet. Some of the largest of them weighed several tons and 
were called “thunder lizards” (Brontosaurus) because 
they were believed to shake the ground as they walked. 
Dinosaurs dominated every kind of habitat — air, land, 
and water. Pood was plentiful, and climates were mild; 
so naturally these animals prospered. Some of them were 
flesh-eaters, and others lived principally upon plants. At 
the beginning of the time when dinosaurs came to be the 
leading creatures, they were simple animals that could 
become suited to life in different habitats. Toward the 
end of this time their bodies began to become very com- 




Fig. 558. This fierce-looking beast» called Psittacosaiirus, was a 
plant-eating dinosaur. (Courtesy Sinclair Refining Company) 

plex. Some kinds developed huge helmet-like armor with 
spikes on their heads. Others developed great plates 
along their backs. These plates were of value in protect- 
ing their spinal columns. Still others developed great 
spike-like teeth and powerful claws. 

These strange, complex body parts are believed to have 
been one of the causes that finally lead to the complete 
disappearance of dinosaurs from the earth. Earlier in this 
problem you studied the horse as a kind of animal that 
has survived because it became adapted to changed liv- 
ing conditions. Dinosaurs illustrate the other extreme. 
They are a group of animals that became extinct when 
they could not become suited to a changing environment. 
Scientists do not think that any single condition caused 
the downfall of these animals. Toward the end of the 
Mesozoic Era the last great spread of seas over the land 
occurred. The land began to rise slowly, and most of the 
inland seas disappeared. The climate became cooler, and 
food became scarce. The bodies of dinosaurs had become 
complex, with their great long bony plates and covering 
of scales. The flesh-eaters were so big and heavy that they 
could not catch smaller, swift-moving animals for food. 
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Fig. 559. Stegosaurus was one of the dinosaurs protected by great 
bony plates along their spinal columns. (Sinclair Refining Co. photo) 

However, scientists believe that something else besides 
lack of food was important in the disappearance of 
dinosaurs. When methods of reproduction are not fitted 
to the conditions amid which the animal lives, these ani- 
mals disappear because not enough young are produced 
to carry on the race. The dinosaurs laid eggs with cover- 
ings of tough membranes, much like those of turtles and 
other reptiles of today. Scientists believe that dinosaurs 
did not incubate their eggs. They let them hatch from the 
heat of the sun. When the cliiiiate became much cooler, 
not enough dinosaurs were hatched to reproduce the race. 
Then, too, scientists believe that small, swift-moving 
mammals preyed on the eggs. All of these conditions 
probably helped cause the dinosaurs to disappear. At any 
rate, no fossil remains of them are found in the rocks of 
the next era. 

Two very important events happened during the time 
the dinosaurs lived. The first warm-blooded creatures 
appeared. These were the mammals and the birds (Figure 
560). Fossils show that these creatures developed from 
some primitive reptile-like ancestors. 

Now we come to the Cenozoic Fra — the one in which 
we are living. During this time mammals have dominated 
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the earth. Early mammals gave rise to many large forms, 
such as the mammoth, the giant ground sloth, the 
whale, and the saber-tooth tiger. While this book was 
being written, the newspapers reported the discovery of 
a fossil beaver as large as a bear. During the last million 
years man has developed into the dominant creature 
upon the earth. Large mammals are gradually dis- 
appearing, and insects are increasing. Animals have come 
a long way in their development since they fir-st appeared 
upon the earth millions of years ago. No one knows what 
new kinds of creatures will appear during the millions of 
years that are probably to come. 


Self-Testing Exercises 


1. No actual fossils of animals are found in the rocks formed 
during the first geological division of time. Why do geologists 
believe that some kinds of animals were living then? What 
kinds are they thought to have been? 

2. Name several of the earliest kinds of animals whose 
fossils are found in rocks. Name also some of the latest kinds. 

8. Why do you think the following 



events were important in the develop- 
ment of animal life: appearance of 
vertebrates, appearance of air-breathing 
animals, appearance of mammals. 

4. Make a list of reasons (a) why 
dinosaurs became so plentiful upon the 
earth, (b) why they became extinct. 


Problem to Solve 

Read to find out more about insects 
of the Carboniferous Period and about 
trilobites, sea-scorpions, and lung-fish. 
Make a report to the class on the topic 


Fig. 560. Archaeopter- 
yx, a fossil bird (Amer- 


ican Museum photo) that interests you the most. 



Fig. 561. In the Cenozoic Era, mammals have dominated the earth. 
Only a few kinds of the huge mammals that once lived can now be 
found. (Courtesy Royal Ontario Museum) 

W HAT HAVE BEEN SOME OF THE IMPORTANT EVENTS 
IN THE HISTORY OF PLANTS? Since you have studied 
the changes that have taken place in animal life, you 
have probably concluded that plants have gone through 
similar changes. Your conclusions are correct, for fossils 
show that plants have developed from the simplest one- 
celled kinds to the wonderful flowering plants and trees 
of today. As was the case with animals, we do not know 
when the first plants appeared upon the earth. However, 
scientists believe that plants and animals made their 
appearance at about the same time, probably as far back 
as 2000 million years ago (Archeozoic Era). There is no 
fossil record of the earliest plants, which were probably 
bacteria and simple algae. In the Proterozoic Era the 
important plants were lime-forming algae. Their only re- 
mains are limestone reefs made from their secretions. 

In the next long era (Paleozoic) plants showed remark- 
able development. Early in this era plants like the “sea- 
weeds” of today came into being. At about the time air- 
breathing animals appeared, the first land plants also 
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Fig. 562. Tall fern-like trees and giant rushes were among the most 
common plants in the forests that existed during the Devonian Period. 
(Courtesy Royal Ontario Museum) 


existed. This was an important event in the history of 
plants, because, as you know, land plants must have a 
kind of body covering that will keep them from drying 
out. All of these plants had spores instead of seeds for 
reproducing themselves. By the time the coal-forming 
period (Carboniferous) was reached, land forests had be- 
come common. These forests consisted of huge tree-ferns, 
ferns with seeds, and primitive cone-bearing trees. The 
forests were very dense because the climate was warm, 
and there was an abundance of moisture. Great shallow 
marshes covered much of the land. When these plants 
died, they fell into the marshes and were covered by 
mud, slime, and other plants. The carbon in them formed 
the rich coal beds that are so valuable to us today. 

Much later, when dinosaurs were just beginning to 
disappear from the earth, another important milestone 
was reached in plant life. The first plants with true 
flowers appeared. Since then, during the time when mam- 
mals have dominated the earth, plants have reached their 
present state of development. The giant redwood trees of 
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Fig. 563. In the coal-forming, or Carboniferous, Period, forests were 
dense with tree ferns, ferns with seeds, and primitive cone-bearing 
trees. (Chicago Natural History Museum photo) 

California have appeared and reached the peak of their 
development. Many people believe that the “age of 
trees” has passed and that smaller shriib-like plants and 
open grasslands will take their place. 

Here is a summary of the most important things you 
have learned about the history of life upon the earth for 
both plants and animals. It will help you remember what 
you have learned about them: 

1. After living things got started upon the earth, they 
began to change, 

2 . These changes were often from simple kinds of living 
things to more complex kinds. 

3. Vast numbers of living things developed adaptations 
to their living conditions, thrived for certain lengths of 
time, and then died out. 

4. Fossils show that the plants and animals of today 
must have descended from earlier living things. 

Self -Testing Exercises 

1. Prepare a table that will show in one column the great 
geological eras and in a second column the kinds of plants 
that were abundant in each era. 

2 . Tell in your own words the main changes that have 
occurred in plant and animal life during geological time. 
Select from the text an example to illustrate each of these points. 
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Fig. 564. While dinosaurs were still roaming the earth during the 
Cretaceous Period, the earliest plants with true flowers appeared. 
(Courtesy Royal Ontario Museum) 

3. What reasons do we have for thinking that seed plants 
developed later than other plants? 

Problems to Solve 

1 . Find the story of the redwood trees. Make a chart show- 
ing events that have happened to man during the life of one 
of the oldest of these trees. 

2. Learn more about the formation of coal. If possible, 
prepare, with the help of your classmates, an exhibit of coal 
and coal products. 

Problem 3: 

WHY DO WE FIND DIFFERENT KINDS OF LIVING THINGS IN 
DIFFERENT PLACES? 

W HAT ARE SOME OF THE CHARACTERISTIC ANIMALS 
OF DIFFERENT REGIONS? Almost everyoHc know.s 
that zebras come from Africa, llamas from South America, 
kangaroos from Australia, two-humped camels from 
parts of Asia, and reindeer from the cold regions of 
Europe, Asia, and North America. Also, certain kinds of 
plants come from each of these different places. Many 
parts of the world are nearly alike in regard to tempera- 
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ture, amount of rainfall, seasons, and the kind of land 
surface. Yet, even though many places are very much 
alike as to climate and other conditions, each region has 
its own peculiar kinds of plants and animals that are 
found in no other places. Let us examine some of these 
places briefly. 

Australia has its tropical and temperate regions, its 
forests, its open plains, and its mountains. South America 
and Africa (south of the Sahara Desert) have similar 
regions. What are some of the characteristic animals you 
would find in these similar places? Are they alike, or are 
they widely different? Let us first see what we find in 
Australia. In Australia and some of its neighboring islands 
we find the only egg-laying mammals in the world, the 
duckbill, or platypus, and the spiny ant-eater. Kangaroos 
and their relatives, some forty different species, including 
wallabies, wombats, and strange creatures known as 
bandicoots, are peculiar to this continent. When we say 
that an animal or plant is 'peculiar to a place, we mean 
that it is found there and nowhere else. Also, dasyures, 
koalas, “flying mice,” “flying” phalangers, and dugongs 
(a kind of water mammal) are there. Even the names 



Fig. 565. “Splash,” a famous Australian platypus, belongs to the 
strange group of mammals that lay eggs. (Courtesy Mr. Mason Warner) 
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P^G. 566. These five little koala bears are natives of Australia where 
they spend most of their lives in the eucalyptus trees. (Courtesy 
Mr. Mason Warner) 


of these animals seem strange; and they are strange, for 
such creatures are found nowhere else except in zoos. 

Stranger than their names, however, is the fact that all 
of these animals belong to the oldest groups of mammals 
living today. Bats and dingo dogs are the only higher 
mammals native to this continent. Bats could migrate to 
Australia because of their wings, and dingo dogs are be- 
lieved to have been brought to Au.stralia by early peoples 
as they migrated from other parts of the world. Of course, 
many of the plants belong to species that are different 
from those of other continents. In other words, Australia 
and its neighboring islands have characteristic kinds of 
plants as well as characteristic kinds of animals. 

In South America, with similar climatic and other 
features, it seems that there should be animals similar to 
those of Australia. As you know, however, such is not the 
case. Here, tapirs, llamas, ant-eaters, primitive monkeys, 
peccaries, sloths, and a host of other native animals are 
found. Giant and “six-banded” armadillos are also 
peculiar to this continent. Armadillos are found in only 
one other place in the world, southwestern United States, 
and these are different from the armadillos of South Amer- 
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ica. The animals you have just read about are not found 
in Australia. They are found in South America only, and a 
few of them in near-by parts of Central America. Also, 
much of the plant life is different from that of other places. 

Africa (below the Sahara Desert) also has its temperate 
and tropical regions, with mountains, forests, and open 
plains. Here, again, in spite of surroundings that are 
similar to those of the two other continents you have 
studied, we find a different set of native animals and 
plants. If you have seen a movie or a book with pictures 
of African animals, you will recognize these as typical: 
giraffes, elephants, wart-hogs, antelopes of many kinds, 
rhinoceroses, zebras, lions, leopards, one-humped camels, 
and many different species of primates, such as gorillas, 
chimpanzees, and monkeys. West of the Kalahari Desert, 
hyraxes and aard-varks are characteristic animals. The 
aard-varks and the entire giraffe family are found in no 
other region in the world. Like the ani- 
mals of South America, those of Africa 
appeared later than those of Australia. 

Of course, other continents with their 
varied regions have animals, and plants 
as well, that are characteristic. For 
example, we think of redwood trees, 
coyotes, badgers, American buffalo or 
bison, and Rocky Mountain sheep as 
belonging to certain regions of our own 
country. However, Australia, South 
America, and Africa (below the Sahara 
Desert) were used as examples because 
each of these continents has similar climatic regions and 
other features that allow us more easily to make com- 
parison of plants and animals living on them. 



Fig. 567. The sloth 
travels in this up- 
side-down manner. 


Fig. 568. The shy Rocky IVlountain goat is rarely photographed in 
its inaccessible home, but because the mother was protecting her 
baby, the photographer was able to get very close. (Acme photo) 

Self-Testing Exercises 

1. Tell in your own words what is meant by saying “that 
each region has its own peculiar plants and animals.” 

Which of the three continents used as examples in this 
part of the unit has the most primitive animals? Try to think 
of some reasons for this. Save your answer for later use. 

Problem to Solve 

Make an enlarged outline map of the world. On this map 
paste pictures and write the names of animals and plants that 
are peculiar to the different regions. Use the animals that are 
listed in this book and consult references to find others. 

W HAT CONDITIONS HAVE CAUSED DIFFERENT KINDS 
OF LIVING THINGS TO BE FOUND IN DIFFERENT 
PLACES? You have learned that living things thrive best 
in places where it is easiest for them to find the materials 
and conditions necessary for life. When you first think 
of the question asked at the beginning of this part of 
the unit, the answer seems easy. It seems that animals 
and plants will always be found in all the places to which 
they are best adapted. 

But many kinds of animals could live in places where 
they are not now found. Why do they not live there? 
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What has kept them from spreading to every place where 
they could live? And how have they spread to the places 
where they now live? About 200 years ago only very 
primitive animals, such as those mentioned earlier, were 
found in Australia. Now, however, many animals of later 
origin are found there. They were brought by settlers, 
and they have thrived so well that they are crowding 
out the older types of animals. 

Rabbits are riot native to Australia, but now they are 
pests. Along with other animals, they are slowly but surely 
causing the older types of native animals to become 
extinct. There were no starlings or English sparrows in 
America until about 100 years ago. But the fact that these 
birds were not found in America earlier does not mean 
that they were not suited to the living conditions here. 
They are very much suited to these conditions, as their 
rapid multiplication shows. 

What are some other reasons for the appearance of 
different kinds of living things only in certain regions? 
The answers to this question are found in the geologic 
history of the earth. From your study of this unit so far, 
you have learned that the boundaries of continents have 
not always been the .same as they are now. (See Table 
6.) At times land has risen high above the water, and at 
other times seas have come in over the land. For example, 
geologists believe that many million years ago Australia 
and its neighboring islands were connected to Asia by a 
wide neck of land. 

These ancient land connections are sometimes called 
“land bridges,” for animals could migrate over them from 
one place to another. Primitive mammals are believed to 
have migrated to Australia when it was a part of the 
mainland. Later this land bridge sank into the ocean, and 



Fi<}, 569. The mother wombat, sliown here with her still fiirless 
baby, is not such a strange-looking animal as one might expect from 
the name. (Courtesy Mr. Mason Warner) 

the animals in Australia could not escape. As other ani- 
mals appeared in different places in the world, they could 
not reach Australia. So the primitive animals on this ci)n- 
tinent were isolated. From them the present ^roiip of 
animals originated. Thus the isolation of Aiislralia has 
caused it to have the strange group of nativ^e animals 
found there. 

Scientists believe that horses originated in North 
America and migrated to other countries by means of 
land bridges. Later these land bridges were destroyed, 
and for some unknown rea.son horses all died out on this 
continent. Then there were no horses until the white man 
brought them from Furopc. Still later the land bridge 
between Alaska and Asia appeared again, and some 
scientists believe that even the earliest men came to our 
continent over this bridge, which has since been destroyed 
as the land sank beneath the seas. So the formation of 
land bridges and their later disappearance have caused 
different kinds of animals to be found in different places. 
The sea was a barrier which animals could not cross. 

Land may also act as a barrier which keeps animals 
from .spreading. For example, the Isthmus of Panama has 
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b’lG. 570. Besides the large animals always associated with Africa, 
many small ones such as the galago, or “bush-baby,” are peculiar 
to the African forests. (Acme photo) 

kept marine animals from migrating between the Atlantic 
and Pacific Oceans. Many of these animals could not 
stand the cold waters through which they must pass in 
migrating around the tip of South Ameri(*a. As a result, 
we find in the Pacific Ocean animals that are related to, 
hut distinctly different from, those in the Atlantic Ocean. 
In the case of land animals, long chains of mountains 
sometimes keep animals from migrating from one part of 
a country to another i)art of the same country. On one 
side of the mountains certain species have become adapted 
to the conditions there an<l are different from their rela- 
tives on the other side of the mountain chain. 

Deserts may serve as barriers to keep animals from 
spreading freely over a c^ontinent. For example, the 
Sahara Desert keeps the animals of South Africa from 
spreading into North Africa, and those in the north from 
migrating to the south. Certain animals from the southern 
part of this continent might be able to live in the northern 
part, but they are not able to cross the desert with its 
unfavorable conditions. Therefore, the animals on the 
two sides of the desert have remained separated, and 
each has become adapted to conditions in the places where 
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it lives. In this way, over long periods of time, different 
kinds of animals come to live in different parts of this 
continent. 

From your study of this part of the unit you find that 
many happenings cause different animals to be found in 
different places over the earth. Some of these are: 

1. The coast lines of continents change through long 
geologic ages with the appearance and disappearance of 
land bridges. These changes isolate certain kinds of ani- 
mals. After their isolation, these animals change and 
become different from those of their kind elsewhere. 
Plants, too, have undergone similar changes, but it is 
easier for you to understand what has happened if animals 
are used as examples. 

2. Land may act as a barrier which water animals can- 

not cross. Thus different kinds 


of animals are found in dif- 



ferent places over the earth. 

3. Deserts may act as bar- 
riers to keep animals from 
spreading over a continent. 

Self-Testing Exercises 

1. Give examples to show 
that the absence of animals in 
a given region does not mean 
that these animals could not 
live there. 


Fig. .571. A modem glacier, 
destroying a forest in its path, 
shows UwS what must have 
happened to tlie vegetation 
during the advan(‘e of the 
great Ice Age glaciers. (U. S. 
Geological Survey photo) 


2. How do you explain the fact 
that the most primitive animals 
on earth are found in Australia? 
Compare your answer with the 
answer you gave to Self-Testing 
Exercise 2 on page 652. 



Fig. 572. What stories can these pictures tell geologists about the 
past history of the earth in these particular localities? (U. S. Geologi- 
cal Survey photos) 

3. Make a list of reasons why different animals appear in 
different places over the earth. Opposite each reason write a 
brief explanation. 

Problems to Solve 

1. Read about plants and animals that have been introduced 
into our country by man. 

2. Find what animals have become extinct in recent years. 
Try to account for this. 

LOOKING BACK AT UNIT 11 

1 . Copy the headings of the sub-problems of this unit. Then 
write a brief paragraph to answer the question asked by each 
sub-problem. 

2. List the order of classification of animals in Unit 2 (from 
the simplest to the mo.st complex). Compare this list with the 
order of the appearance of animals upon the earth, as sliowii 
in the Geologic Time-Table on page (12G. 

3. Show by using them in sentences or by other means that 
you understand tire meaning of eacli of these words: 

era carboniferous dinosaur 

land bridge sea-scorpion lung-fish 

radioactive element oldest known rocks platypus 

primitive animal period geobgic history 

geologic cohim7i 7 inconfonnities metamor^diic rock 
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ADDITIONAL EXERCISES 

1. Make a collection of sedimentary, igneous, and meta- 
morphic rocks that are found in your locality. Use a geologic 
map from your state geologic survey to find the approximate 
ages of these rocks. Be sure to keep careful notes as to where 
each specimen came from to help you in telling its age. 

2. Make a collection of fossils. Try to identify them by 
means of pictures in reference books. 

3. Make a booklet showing different kinds of dinosaurs that 
lived on land (marshy and dry), in water, and that could soar 
or fly through the air. Write your own descriptions of these 
animals and tell something of the conditions under which they 
lived. Try to reconstruct some of these animals from clay or 
papier-mache. 

4. With the aid of the members of your class, try to learn 
the geologic history of your surroundings. Use state or United 
States government bulletins and geology textbooks to help yon . 

5. Make a special study of the egg-laying mammals. 

6. Make a special study of the marsupials. Why are they 
thought to be an old type of animal? Give several reasons. 



Fig. 573. When ducks at tlie JJear Itiver Migratory Waterfowl 
Refuge in Northern Utah get sick, they receive excellent care at the 
“duck hospital.” This duck is being treated for “western duck 
sickness,” a disease that has killed great numbers of ducks. And the 
doctors at this hospital do not mind being called “quack” doctors 
either. Steps are being taken by local communities, the states, and 
the National Government to preserve the wild life of the nation. 
In this unit you will learn about the various aspects of the conserva- 
tion problem and what you can do to help solve it. (Courtesy Popular 
Science Monthly) 
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HOW CAN SCIENCE HELP US KEEP FROM 
WASTING NATURE’S WEALTH? 

INTRODUCTORY EXERCISES 

*1. How is the balance of plant and animal life main- 
tained? Describe ways in which man upsets this balance. 

*2. What is meant by the term extinct animal? Try to 
name some animals that are extinct because of things that 
man has done. 

*3. What is crop rotation? Make a list of reasons why 
crop rotation is a valuable practice. 

*4. Name some ways in which soil is moved from one 
place to another. Which of these ways do you think are 
most important in changing the surface of the earth? Give 
reasons for your answers. 

*5. What is top-soil? Snb-soil? In which of these do plants 
grow better? Why? 

*6. During a severe flood or rain-storm, which of the 
soils in Exercise 5 would be damaged more? Why? 

*7. Make your own definition of erosion. List some ways 
in which soil erosion is being (or could be) checked in your 
own community. 

8. Does conservation mean not using trees for lumber, 
coal for fuel, land for farming, and not hunting and fish- 
ing? Give reasons for your answer. 

9. Copy the table below on a separate sheet of paper. 
In the left-hand column list all of the conservation prob- 
lems you know of that occur in your community. In the 
right-hand column suggest ways of trying to solve these 


problems. Save the exercise 

for later use. 

Conservation Problems of 

My (community 

Ways of Trying to Solve 

These Problems 

1. Erosion is taking aumy sorne of 
the best soil from hills ides. 

2. Etc. 

Making the rows rim around the hill 
instead of uji and- down it. 
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Fig. 574. By building 
check dams these chil- 
dren are helping to pre- 
vent soil losses by ero- 
sion. The dams slow 
down the movement of 
water and give it more 
time to soak into the 
soil, and they also keep 
gullies from spreading. 

Check dams may be 
built of any available 
mat er i al s — rocks , brush , 
logs, or sod. (Photo by 
H. Mieth and O. Hagel 
from Life) 

LOOKING AHEAD TO UNIT 12 

W HEN YOU take a trip through different parts of the 
country, you enjoy seeing well-kept farms with their 
luxurious crops. You like to drive through the cool shade 
of wooded regions. On your vacation you love to visit 
clear lakes and sparkling streams where there are fish to 
be caught. You want to hike through woods where wild 
animals can be seen. (3f course, there are many tilaces like 
the ones you have just read about. 

However, on any long trip you arc sure to find places 
that are entirely different. In many localities the soil is 
worn out, and the <!rops are poor. Gullies are slowly 
eating into the hillsides and making the land a desolate 
waste. In other places there are no trees, and even the 
covc'ring of grass or other vegetation is gone. Perhaps 
dust-storms sweep across the land in dry weather, and 
floods may come suddenly when the rains are heavy. Un- 
fortunately, places like the one you have just read about 
are becoming all too common throughout our country. 

For thousands of years before white men came to 
America, the soil of our country was slowly building up. 
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Plant roots kept it from washing away, and decaying 
animals, leaves, and plant bodies added their material 
to make it rich. Of course, Indians raised crops before 
the white men came, but there were only about 500,000 
Indians in all of what is now the United States. 

When white men settled the Atlantic coast, they began 
to cut down trees for building materials and to clear fields 
for crops. The vast forests before them seemed inex- 
haustible. There was plenty of land; so new fields were 
cleared when the old ones began to produce poorer crops. 
Fire was often used to clear forest growth. This destroyed 
trees and other vegetation over large areas and ruined 
much organic matter that had protected the surface of 
the land. Animals were slaughtered in large quantities, 
for the supply seemed greater than could ever be used. 

As settlers began to spread westward over the country, 
the senseless destruction of natural resources spread with 
them. But the supply still seemed inexhaustible. And so 
civilization spread to all parts of the land, carrying with 
it the waste of soil, forests, animal life, and other natural 
resources. 

All of this unwise use of resources has brought us face 
to face with serious problems. Our forests are almost gone; 
our land is being washed away; our supplies of coal and 
oil are being used up; our wild animals are disappearing; 
and floods and dust-storms have become a national prob- 
lem. The worst feature of the whole problem is that once 
the destruction is started, it gets steadily worse and worse. 
Wild animals have disappeared from many places because 
their homes and breeding places have been destroyed and 
because people have been unwise in their hunting. Many 
streams have been ‘"fished out’’ because fishermen were 
not satisfied with catching a reasonable number and put- 




Fig, 575. The first probleiu of this unit will cx]>lain why some of the 
methods shown on this map for saving soil are effective. (Soil Conser- 
vation Service photo) 


ting back the fish that were too small for use. What are 
we going to do about this waste of our natural wealth? 

About forty years ago a few scientists began to be 
alarmed at what was happening. They tried to get people 
to understand the importance of the problem and to plan 
far enough ahead to avoid exhausting the natural re- 
sources of our country. Most people paid little attention 
to them. In recent years, however, the protection and wise 
use of our natural resources has become so important that 
the national and state governments spend millions of dol- 
lars each year on cormervation. In addition, they are trying 
to make people everywhere understand the need of 
conservation. 

Your part in this important work is (1) to learn what 
some of the important problems of conservation are; (2) 
to learn some of the ways of solving these problems; and 
(3) to help by putting what you have learned into prac- 
tice in your community. 
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Fig. 576. This chart shows the results of studies carried on by the 
Soil Conservation Service Station near Ithaca, New York, from 
March 1 through 19, 1936. The studies compare the soil and water 
losses from land of varying slope and under different vegetation. 
(Soil Conservation Servic e photo) 

Problem 1 : 

HOW CAN WE SAVE OUR SOIL? 

E very rain-storm and every dust-storm in our country 
carries some of our valuable soil away. With each 
rain Iowa, Wisconsin, Illinois, and other near-by states 
are sending some of their soil to the Gulf of Mexico. Parts 
of Michigan, Indiana, Ohio, and other states are giving- 
soil to the Great I^akes. The eastern states are losing soil 
to the Atlantic Ocean, and the extreme western states are 
losing it to the Pacific Ocean. 

In most places in our country the average depth of the 
soil is from three to six feet. Of this, only about eighteen 
inches, or the upper layer, known as top-soil^ is suitable 
for growing plants. If a truck load (one or two cubic yards) 
of soil is taken from an acre of land each week, you can 
scarcely notice it. But if this goes on for thirty years, 
about a foot of soil will be removed from the entire sur- 
face of the land. In some places we are losing soil this fast, 
and even faster. Fortunately, however, erosion is occur- 
ring more slowly in most places. 
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This loss of soil is a very serious matter to every one of 
us, because we depend upon the soil either directly or 
indirectly for food. In order to study the problem intelli- 
gently, you will need to know first of all something about 
the conditions that cause soil erosion. 

W HAT ARE THE CONDITIONS THAT CAUSE SOIL EROSION? 

Over fifty -nine tons of rich soil per acre may be lost 
in one year from an acre of farm land that is planted in 
corn ! This is almost unbelievable, yet government tests 
show that it is true. A test showed that only eight tons 
were lost in one year from an acre of similar land on which 
the crops were rotated. What causes this difference in the 
amounts of erosion? It is not merely that different kinds of 
crops are planted, for there is no single cause of soil 
erosion in any one place. At least four different things 
affect erosion: (1) the amount of rain that falls and when 
it falls, (2) the slope of the land, (3) the kind of soil, and 
(4) the kind of farming that is carried on. 

It is easy to understand that the amount of rainfall 
affects erosion. Some regions of the United States have an 
average of fifty inches of rainfall a year, while others ha\ e 
an average of only twenty inches a year. Of course, we 
would expect more erosion in regions of 5()-inch rainfall. 
But a large amount of rainfall well distributed throughout 
the year will not cause nearly so much erosion as heavy 
rainfall in short periods. For example, the rain gauges at 
the Soil Conservation Experiment Station at Arnot, 
N. Y., showed that on June 19, 1936, an inch of rain fell in 
ten minutes. J'his one rainfall washed 7586 pounds of 
soil from one experimental plot of land. In the next six 
weeks only 1.7 inches of rain fell on the same area. During 
that whole six weeks there was little, if any, erosion. 
Thus most erosion occurs during seasons of heavy rain. 
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Another important factor in erosion of soil is the slope 
of the land. You know that water always moves to the 
lowest possible level because of the pull of gravity. If the 
slope is steep, the water runs faster than if the slope is 
gentle. You know also that the faster water is moving, the 
more soil it can carry with it. Even on long, gentle slopes 
water gains speed as it runs downhill. Also, the volume 
of water is greater toward the bottom of the slope. Thus, 
even on land that is sloping gently, rich, loose top-soil 
may be carried down to lower levels and finally to streams. 

The problem the farmer faces is to get the rain water 
to soak into the ground or to run to the lower places with- 
out taking his soil along. And the steeper the slope, the 
greater his problem is. To solve the problem, the farmer 
must study the contour (shape of the surface) of the land. 
From the contour of the land he can plan which way to 
run the rows, where to put strips of grass or other cover 
crops, or where to put his drainage tile or ditches. 

A third important factor in erosion is the kind of soil. 
Coarse soils, such as sand and sandy loam, absorb water 
more easily than most other kinds of soil. Therefore, these 
soils are not likely to suffer from erosion so much as the 
finer soils, because water sinks quickly into them instead 
of running off and carrying the soil with it. However, if a 
coarse soil is nearly all sand with no finer particles to help 
hold it together, much erosion will occur during heavy 
rains. Humus and other organic matter added to soil act 
as a sponge and help hold moisture. 

Clay and clay loams do not absorb water quickly. They 
are made of such tiny particles that they pack together 
tightly and form a hard surface. Rain falling upon such 
soils runs off easily and carries much soil with it before it 
can sink into the ground. Perhaps you have seen streams 




Fia. 577. If the farmer plants corn, cotton, or other crops that leave 
the land bare between the rows, or if he plows his land in the fall 
and exposes it to the winter rains, erosion may occur very rapidly. 
(Soil Conservation Service photo) 

that run over clay soils. You know how muddy they are 
after a heavy rain. Once the tiny particles are in suspen- 
sion in the water, even water that is moving slowly can 
carry them great distances. The farmer who has fine clay- 
loam soil probably has better farming land, but his land 
will be much more easily damaged by erosion than if it 
were made of coarse, water-absorbing soils. 

The fourth factor that affects erosion is the way the 
farmer manages his crops. If he keej^s his land planted in 
grass or other crops that have masses of fine roots, erosion 
will be kept down to a considerable extent. Government 
tests show that an acre of one kind of land planted in 
bluegrass lost only 100 pounds t>f soil during a year. 
Similar land on which other kinds of crops were planted 
(corn and cotton, for example) lost much greater amounts 
of soil per year. L»eaving some of the land in woods heljjs 
greatly. Tree roots help hold the soil, and the covering of 
leaves that fall help to hold moisture and prevent erosion. 

The use of crop rotation or a combination of crops, 
such as cowpeas planted in corn, helps reduce erosion. 
The United States Department of Agriculture has carried 
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on experiments to discover which crops best prevent 
erosion. Grass, alfalfa, clover, trees, and shrubs will do 
the most toward checking erosion. The next best are oats, 
wheat, rye, and barley. The poorest are row crops, such 
as corn, cotton, potatoes, tobacco, and truck crops. 

From your study of the unit thus far you can see why 
soil erosion is a complicated problem. It depends upon 
several different factors, and each of these factors varies 
from place to place. Perhaps you can look around you now 
and discover something about erosion in your own com- 
munity that you had never noticed before. 

Self-Testing Exercises 

1. Why does the amount of rainfall play an important [)art 
in erosion? 

2. Why does the distribution of rainfall according to months 
affect the amount of erosion? Give an illustration. 

3. Explain what is meant by the contour of land. How does 
the contour affect erosion? 

4. What kinds of soils erode most easily? Least easily? Why? 

5. With what kinds of crops grown in your locality do you 
think the soil washes away the least? With which do you think 
it washes away the most? 

Problems to Solve 

1. Examine places in your community where erosion is 
taking place and where it is not occurring. Do your findings 
agree with your answer for Self-Testing Exercise 5? Why? 

2. (a) Is erosion a serious problem in your community? In 
your state? (b) If so, are land-owners aware of the problem? 

3. Try to get a government contour map of your locality 
from the U. S. Geological Survey in Washington, D. C. Study 
the contour of the land where you live. Find (1) the highest 
places, and (2) the lowest places. Visit different places in the 
locahty where erosion is taking place. Mark these places on the 
map. 






Fig. 578. Contour farming, in addition to controlling soil erosion, 
makes field work easier on the farmer, the teams, and the machinery, 
since they are traveling nearly on a level instead of ui> and down 
slope. (International Harvester Company photo) 

W HAT AUK SOME OF THE WAYS OF CONTHOEEING SOIL. 

EUOSiON? Did you ever hear anyone use the expres- 
sion, ‘‘trying to fit a square peg into a round hole’’? 
He was probably speaking of trying to make something 
work that would not work as he wanted it to. That is 
exactly what has been done in farming in the past. We 
have tried to lay all our fields off in squares or rectangles, 
that would not fit around hillsides or sloping river 
bottoms. The result was hard work for the farmer and 
his animals in cultivating fields and the loss of much soil. 
When rows run up and down hillsides, heavy erosion 
takes place with each rain. The rows form channels in 
which the water can run faster down the hillsides. 

In recent years there has come into use a way of 
laying out fields so that the rows go across the slopes of 
hills instead of up and down. This way of plowing is known 
as contour j arming (Figure 578). When you think of it, this 
seems the most natural way to plan fields. Rows that go 
across slopes form many little dams that hold the water 
when it rains. In this way much of the water can sink 
into the ground instead of rushing down and washing soil 
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away as it goes. Furthermore, seeds are not so easily 
washed away in contour farming as in the older straight 
rows. Many a farmer has planted seeds in rows that ran 
up and down a hill, only to have them washed away 
before they could germinate and get their roots firmly 
anchored in the soil. 


Another method of preventing soil erosion is strip 
cropping. This way of planting includes contour farming, 
as you will see. Instead of planting crops in large fields, 
the crops are planted in strips of uniform width. Like the 



rows in contour farming, 
these strips run across the 
slope and not up and down 
(Figure 579). Strip cropping 
has a special advantage. 
Strips of crops like corn, 
tobacco, or potatoes have 
strips of grass, wheat, or 
soy-beans in between them. 
Soil that is washed down 
from the cleanly cultivated 
crops is stopped by the 
thick growth in the strip 
below. Experiments show 
that the width of the strips 
may vary from fifty to 
about 125 feet. In general, 


narrower strips should be 


Fig. 579. An aerial view of a 
farm in South Carolina shows 
how the fields have been laid out 
carefully for alternate strips of 
alfalfa and corn, (Soil Conser- 


planned for steeper slopes. 
If the strips are very wide, 
gaps may wash out in in- 
dividual strips just as they 


vation Service photo) would on a bare hillside. 



Fig. 580. This fertile wheat-field has well-built terraces to protect 
it from excessive water run-off and erosion. (Soil Conservation 
Service photo) 

Strip cropping has two other advantages. Crops are 
easier to cultivate and harvest, and they may be rotated 
more easily. For example, the strip that was planted in 
corn the first year may be planted in grass or wheat the 
next year; while the strip that was planted in grass or 
other small grain the first year may be planted in corn the 
second year, and so on. In this way many different kinds 
of rotation may be planned to keep the soil fertile while 
the stripping is helping to prevent erosion. 

Still another method of j^re venting soil erosion is 
terracing (Figure 580). When this plan is used, the long, 
steep slopes of hillsides are built into short, gradual slopes 
something like steps. The rows of crops on the terraces go 
around the hillside. In most terracing, shallow drainage 
ditches that follow the contour of the land must be 
provided on each terrace. These ditches lead the water 
into a general drainage outlet in the field. 

Careful farmers use many other simpler devices to pre- 
vent erosion. They plant winter cover crops, such as rye, 
wheat, and other similar crops, to keep down much erosion 
during the season when rains are plentiful. They leave 
steep slopes for pasture or for wood lots. Permanent 
pasture crops are an ideal solution to the erosion problem 
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Fig. 581. Kudzu, a leguminous vine, has been planted in this forty- 
foot gully to prevent further erosion. Xudzu is often used because 
it grows and spreads quickly. (Soil Conservation Service photo) 

in places where the steep slope of the land makes the 
raising of other kinds of crops unprofitable because of 
erosion. In many permanent pastures soil experts have 
found it wise to plow deep furrows at intervals around 
the steep hillsides. Such furrows hold water and let it sink 
into the soil. Tests show that pasture furrows let water go 
from six to eighteen inches deeper in soil than it will go in 
pastures with no furrows. 

Another way of helping prevent erosion is planting 
grass in drainage ditches. Grassy coverings in ditches and 
other waterways hold back the water until it flows so 
slowly that little erosion occurs. Also, the roots hold the 
soil in place. Trees, shrubs, and vines along fence rows, in 
the bottom of gullies, and at the heads of gullies help 
check or prevent erosion. Shrubs planted around the 
edges of fields also help hold the soil. 

In all of this discussion of controlling soil erosion, there 
are two things to keep in mind: (1) No single method is of 
much value by itself, and the methods to be used must 
be determined by the kind of land and its particular 
features. 
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H OW CAN A FAKMER PLAN HIS CAMPAIGN AGAINST SOU, 
EROSION? One of the first things you would do if 
erosion was taking away much of your best soil would 
be to study your farm carefully. You would want to find 
the causes of the damage. Some of the things you would 
want to know would be: Where is erosion taking place? 
At what seasons does the most erosion occur? What is 
the contour of the land? Next, you would want to find 
what methods other people have found successful in 
checking erosion. You would talk with farm agents and 
soil experts. You would attend farm meetings to hear the 
problems of erosion discussed, and you would get bulletins 
from the United States Department of Agriculture, from 
your State Department of Agriculture, or from Regional 
Headquarters of the Soil Conservation Agency nearest you. 

You would study all these methods carefully to be sure 
that you were planning wisely, for it would be expensive, 
and probably disastrous to your land, to go at the prob- 
lem in a hit-or-miss manner. You might terrace land that 
was too steep for terracing, or you might use crops that 
were not suited for checking soil erosion. As you studied, 
you would try to make a 
plan that would fit your 
particular farm. You 
might get a soil expert to 
look over your land and 
check your plan to see 
that you were on the 
right track. 

Then, if you were a sci- 
entific farmer, you would 
take a third step. You 
would experiment with a 


Grass 48 Feet Long Found; 
Offers Aid Against Erosion 

New York, July 10. — (A*)— Discovery 
of the Leviathan of all grasses, a 
single strand that grew forty-eight 
feet along the earth’s surface, is an- 
nounced in Nature, Britain’s official 
science journal. This strand sent 
down roots every few inches and 
from them grew blades up to three 
feet tall. Nature says this grass 
offers a new aid to stopjiing soil ero- 
sion. The grass was found in East 
Africa and is a cousin of Bermuda 
grass grown in the southern states. 

Fig. rm 



Fig. 583. Among the several new grain and forage crops that are 
adapted to the plains, and that may be grown on large expanses to 
control erosion by wind, are the sorghums. (Soil Conservation Service 
photo) 

few acres of land here and there in places where erosion 
was worst. In this way yon would sec whether your plan 
was worth carrying out on your whole farm. You would 
test different methods to sec just what crops and which 
ways of managing your land were the most profitable to 
use. Undoubtedly you would have to change your original 
plans several times, just as any other experimenter does 
in trying to solve his problem. If you planned to use strip 
farming, you might find it better to use narrower strips. 
Perhaps contour farming would be better suited to the 
slope of your land than the terracing that you had first 
planned to use. 

Last of all, you would put what you had learned int<3 
practice on your entire farm. However, you would still 
keep studying the problem to see whether you were 
getting results, and you would change some of your 
methods as you learned better ways of fighting erosion. 

Perhaps you are thinking that all of this is too much 
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trouble. That is just what many other people have 
thought, and it is one of the reasons why people all over 
the country are facing serious erosion problems. How- 
ever, if you were making your living by farming and you 
saw your land produce smaller and smaller crops because 
your best soil was being lost, you would “tackle” the 
problem in a scientific, business-like way. 

Self-Testing Exercises 

1. Close your book and write a brief paragraph telling what 
each of the following methods of cultivation is and how it helps 
prevent soil erosion : contour farming, strip cropping, and 
terracing. Then check with the book to see if you have omitted 
any important points. 

2. Why does each of the following prevent loss of soil: 
winter cover crops, permanent pasturage, planting grass in 
drainage ditches, and planting or leaving wood lots? Think of 
some of the disadvantages of using these methods. 

3. Without consulting your book, outline the steps you would 
undertake in solving a problem scientifically. When you have 
outlined these steps, show how you could use them in trying 
to stop erosion on a farm. 

Problems to Solve 

1. Write to your state experiment station or to the United 
States Department of Agriculture for bulletins on the control 
of erosion. Read them to learn details that could not be given 
in this book. 

2. With the help of your classmates, work out a conserva- 
tion project to use in stopping soil erosion on your school 
ground or in some other place where it is a problem. 

3. Make a special study of terracing as a method of con- 
trolling erosion. 

4. Is maintaining soil fertility true conservation? Write a 
composition in which you discuss this problem. 



676 


SCIENCE PROBLEMS, BOOK THREE 


Problem 2: 

HOW CAN WE SAVE FUEL FOR FUTURE USE? 

I N ONE YEAR nearly 500,000,000 tons of coal were 
mined in the United States. In the same year 1098.5 
million barrels of crude petroleum and 1,910,595 million 
cubic feet of natural gas were taken from the ground. 
These figures seem so staggering that we can scarcely 
believe them, but the report from the United States 
Bureau of Mines shows that they are true. 

When we use coal, petroleum, and natural gas, we ar<' 
drawing upon the energy savings of the past, and these 
energy savings cannot be replaced when they are gone. 
Just how long our present supplies will last no one knows. 
Scientists believe that our present supply of coal will 
probably last from 1000 to 4000 years, and that the 
supply of oil will last for a much shorter time. Coal and 
petroleum provide about 95 per cent of the energy used 
in our country. Since we depend so largely upon these 
materials for our energy supply, and since we cannot 
replace these materials when they are gone, we face 
another very serious conservation problem. 

One thing is certain: We will continue to use our 
natural fuels as long as they last. Our chief problem, then, 
is to learn how to use them so that we can get the most 
good from them with the least amount of waste. Here the 
cooperation of science and industry is most important. 
Science must find the most efficient ways of using fuels, 
and industry must put into practice what is learned. 

H ow CAN THE SUPPLY OF COAL BE CONSERVED.? Before 
you can study this problem intelligently, you neerl 
to know something about the kinds of coal. The first 
stage in the formation of coal is 'peat. This substance 
contains from fifty to sixty per cent of carbon and from 




Fig. 584. At the Museum of Science and Industry, Chicago, is this 
exhibit showing comiiosition of different kinds of coal. Volatile 
matter is the part that escapes as gas when the coal is heated. 

twenty-eight to forty-eight per cent of oxygen. The rest 
of it is hydrogen, nitrogen, and mineral elements. The 
next stage is lignitey or brown coal, the next bituminousy 
or soft coal, then anthracite. Anthracite is the hardest coal 
of alL It is about ninety-five per cent carbon, with the 
remaining five per cent hydrogen, oxygen, and nitrogen. 
In general the greater the per cent of carbon in coal, the 
greater its heating value. Bituminous coal is the most 
widely used kind, especially for industrial jjurposcs. In 
addition, coke, gas, and other very important by-products 
are made from it. 

For many years we have each year wasted enough coal 
in the United States to supply all of the homes in our 
country for another year. This amount of wasted coal 
would keep all of our railroads in operation for about 
eight months out of the year. One of the greatest sources 
of waste was in mining. One scientist estimated that only 
about fifty per cent of the coal in mines was ever taken 
from the ground. This left almost half of our coal supply 
in the earth, where it will never be mined. Safer and 
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Fiq. 585. When it is necessary to sink deep shafts underground in 
order to get the coal out, it is called shaft mining. It is easy to under- 
stand the difficulties of getting more than fifty per cent of the coal 
from the earth by this method. (Courtesy Scientific American) 

more thorough methods of mining have been intro- 
duced to make more of our entire coal supply available. 
By using these methods we can save a great deal of coal 
for future use. 

Another way of conserving our coal supply is by using 
it economically. Let us see how our coal supply is now 
being used. Industrial plants use the greatest amount, 
railroads the next greatest amount, coke manufacturers 
next, homes next, public power plants next, and the manu- 
facturer of gas least. We also sell some coal to other 
countries, but not much. Chemists tell us that about 
thirty -five per cent of the energy from burning coal goes 
up the chimney. This amounts to several hundred mil- 
lion dollars each year. 

One of the ways of saving much of this waste is by 
making coke from the coal and using the coke for fuel. 
As the coke is made, such by-products as gas, coal tar, 
ammonia, and others are given off. These can be saved 
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and used in various ways. For example, coal tar can be 
made into liquid ammonia, creosote, and various kinds of 
oils. Other products, such as dyestuffs, perfumes, and 
paints, can be obtained from these substances. 

Coke is an excellent fuel. It burns with very little 
smoke, and since it contains as much as 85 per cent car- 
bon, it gives off a great amount of heat when it is burned. 
Coke is used in blast furnaces for extracting iron from 
iron ore and for other heating purposes where great 
amounts of heat are needed. So one way of conserving 
coal is to make it into coke. In this way both the coke 
and the valuable by-products can be used. 

Another way of saving coal is by regulating the amount 
of air that gets into the fire. The hottest fires need just 
the correct amount of oxygen for each pound of coal 
that is burned. Too much air causes too rapid burning, 
which lets much of the heat escape up the chimney. 
Too little air and other wrong conditions cause smoke. 
When black smoke is formed, unburned carbon (soot) is 
going up the chimney. Special ways of feeding coal into 
furnaces and special ways of admitting air eliminate 
much of this waste. Since the greatest amounts of coal 
are used by industries, it is in manufacturing plants that 
most coal could be saved. However, this does not mean 
that anyone, in the smallest home or in the largest 
industrial plant, is justified in using coal in wasteful 
ways. The laws require that every boiler must have 
a steam gauge and a safety valve to prevent explosions. 
Why not have and enforce laws requiring people to use 
devices for saving fuel? 

Still another way of saving coal is by having very large 
power plants use coal to produce electricity and then 
distribute the electrical power to the small plants that 




Fig. 586 . Coke is made from soft coal, which is heated in ovens likt» 
these from which most of the air is shut out. The tracks on top are 
for the cars that drop the coal into the ovens, (eg) Keystone View Co.) 


need it . Tests have shown that large power plants are six 
or seven times as economical as small plants. This is just 
one illustration of how science can help save fuels. You 
learned on page 5£9 that steam turbines are much more 
eflScient than ordinary steam engines. They use about 
twenty -eight per cent of the energy of fuels. Wherever 
possible, the more efficient turbines should be used. In 
this way less fuel will be used to get the energy we need. 

Another way of saving fuel is by substituting water 
power for steam power. On page 511 you learned that 
only a small amount of the available water power in the 
United States is being used. In spite of the disadvantages 
of using water power (page 511), more of it can be used 
as better methods of transmitting electricity are devel- 
oped. Artificial fuels, too, will help save coal. And even 
wood still has a place as fuel. In sawmills and wood- 
working plants waste wood can often be used as an 
economical source of power. 

Self-Testing Exercises 

1. Make a list of the ways of saving coal that are suggested 
in this part of the unit. Try to think of some of the advantages 
and disadvantages of putting each of these methods into 
operation. 
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2, Explain why making coal into coke and using it for fuel 
helps conserve our fuel supply. 

3. What other sources of energy can we hope to use in the 
place of coal? (See Unit 9.) 

Problems to Solve 

1. In some good reference book find what by-products 
(including those mentioned in this book) are made from coal. 
Try to find out how some of these by-products are made. 

2. What methods of coal conservation are in use in your 
community? Suggest how other methods could be used. 

3. Make a map of the United States showing the location of 
the principal coal fields. 

4. Make a booklet about coal. Your booklet may include 
kinds of coal, its uses, methods of mining, etc. Use pictures 
from magazines and other sources to illustrate your story. 

5. In a reference book read how coal is mined. List any sug- 
gestions for improvements in mining methods. 

H ow CAN OUR SUPPLY OF OIL BE MADE TO LAST AS LONG 
AS POSSIBLE? In the United States alone over 16 
billion gallons of gasoline are used by automobiles in 
one year. As you have learned, scientists do not know how 
long our present supply of oil will last because they do 
not know how many more oil deposits may be discovered. 
Several hundred years is a good estimate, at least. When 
we think of the vast amount of petroleum that is used 
each year, we wonder what man will do when this valu- 
able natural resource is gone. 

Not only is petroleum used for making gasoline. Much 
of it is used as fuel oil for operating Diesel engines and for 
heating buildings. In addition, many valuable by-pro- 
ducts are made from petroleum. Lubricating oils of various 
kinds for machinery, pcdroleum jelly (Vaseline) for salves 
and medicine, paraffin for waterproofing, canning, and 






Fig. 587. Oil-bearing layers of rock 

other household purposes, gasoline, nafihtha, kerosene, 
and even one kind of chewing gum are but a few ex- 
amples. Since petroleum is so imfiortant to us, do you 
wonder that scientists and engineers are trying to find 
ways of conserving it.^ 

Most people have strange notions about how we get 
oil from the ground. The popular belief is that pipes are 
driven down into huge underground lakes of oil and that 
the pressure of the earth makes the oil gush out. What 
are the facts? Hundreds or thousands of feet down in 
the earth are huge domes of rock layers (Figure 587 ). At 
the tops of these domes gas, which is lighter than oil, 
collects in porous sandstone. The gas cannot escape; so 
it exerts great pressure in all directions. Below the gas 
are other layers of porous rock or sand that hold the 
precious oil like a sponge. Beneath the oil-bearing layers 
is usually salt water, which is heavier than oil. Salt water 
also exerts pressure on the porous oil-bearing sand. Under 
natural conditions the pressure of the gas from above and 
of the salt water below ‘‘squeezes” oil from the oil- 
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bearing sand or rock and makes it flow up through the 
pipes of the well. 

The oil prospector comes along and uses sensitive in- 
struments to help him estimate where the dome is. Then 
drills are used to bore down through the dome, and 
pipes are sunk as the drilling is done. The drill usually 
reaches the gas pocket first, and billions of cubic feet of 
valuable gas are allowed to escape so that the oil can be 
reached. Then the drill reaches the porous rock or oil- 
soaked sand, and the oil either spouts out under natural 
pressure or is pumped out. Finally, salt water begins to 
come up. People used to think that when this happens, 
the well is ‘‘throvigh.'’ But, actually, about seventy-five 
per cent of the oil still remains in the ground, never to 
be brought to the surface and used. 

Here is where scientific conservation methods come 
into the picture. About 1903 a clever mining engineer got 
the idea that if the gas in the top of the underground 
pocket could be kept in, the pressure it exerted on the 
porous rock or oil sand (plus the pressure of the salt 
water from beneath) would continue to force oil out of 
the ground. He found a way to force gas into a well that 
seemingly had ‘‘gone dry.” Much to bis delight, he found 
that the well began to flow again. By this method in most 
cases fifty per cent more oil can be taken from wells. 
What a saving this is! And what is more, when the oil is 
really exhausted, a great reservoir of natural gas still 
remains. This gas can be used whenever it is needed 
because the pipes keep it under control. 

All of this sounds as if an important part of our oil-con- 
servation problem is solved. But, unfortunately, such is 
not the case. For every well that uses this method of re- 
pressuring, there are ten that do not use it. Much needs 



Fig. 588. Study this figure to see liow iiutny wells are fed froin a 
single pocket or dome. This is a cause of great waste. Owners of 
near-by wells will all have to agree to return gas to their wells and 
thus keexi up the pressure in the entire field. (Bureau of Mines photo) 

to be done to convince operators that re-pressuring* is an 
economical thing to do. Also, well-owners have to learn 
to cooperate with each other to make this method a 
success. When an oil well is found, everyone who owns or 
controls near-by land drills wells. This is done so that 
each owner will get as much oil as possible before the 
supply gives out. 

Remember that this method of getting most of the 
oil from wells (instead of leaving it in the ground as lost) 
can be used in two ways: (1) Old wells can often be re- 
pressured and the remaining oil obtained from them, and 
(2) on new wells the method can be used to make the 
wells yield most of their oil. Still another method of 
getting oil from the ground is by treating almost ex- 
hausted wells with acid to increase their yields. This 
method is being used in stweral x> laces. 

Not only must we get all of the oil possible out of wells 
that are already being used, but we must use oil wisely 
after we get it. Science has found a way of saving oil in 
the production of gasoline. It is called cracking. To crack 
oil, the oil is heated under great pressure to teinj^erat urcs 
higher than the boiling point of gasoline. The high tem- 
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peratiires break up tlie heavier oil molecules into lighter 
gasoline molecules. “Cracking” oil gives almost twice as 
much gasoline from a gallon of oil as plain distillation 
gives. This process makes our valuiible oil go farther in 
providing supplies of gasoline. 

Undoubtedly substitute fuels will come into use as the 
supply of oil becomes smaller and the pru^e rises higher. 
Alcohol can be made from crops that grow ea(*h year 
and can be mixed with gasoline to drive automobiles. Its 
use in this way is being tried in Japan in limited amounts 
now. Much gasoline could also be saved by using smaller 
engines in our automobiles. However, so long as gasoline 


is not too expensive, substitute fuels 
and smaller motors will probably not 
be used. So we shall have to rely 
upon increasing our yields from oil 
wells and upon discovering new ones 
to add to our sui)plies for the 
present. 

Self-Testing Exercises 

1. Tell in your own words why oil 
Hows out of an oil well under natural 
conditions. 

What petroleum products have 
you used or seen used? Try to add 
others to the list that is given on 
pages 681-682. 

3. Explain how an oil well may be 
re-pressured. 

4. Close your book and make a list 
of all of the ways you can think of in 
which oil may be saved. Check with 



Kkj. .iSi), I'lir practice 
of wasting the natural 
gas that is found with 
oil by hiirniiig it is 
gradually being aban- 
doned. (Bureau of 


other sources, and add other ways. Mines photo) 
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Problems to Solve 

1. How do drillers of oil wells keep the oil and gas under 
control? Look in reference books and science magazines. 

2 , Read in some good reference books to learn more about 
“cracking” oil. Make notes on your reading and prepare an 
oral report for your class on this topic. 

Problem 3: 

HOW CAN WE BEST ENJOY OUR WILD ANIMALS? 

O VER 100 years ago Andrew Jackson, then president of 
the United States of America, issued a Thanksgiv- 
ing Proclamation in which he gave thanks for the un- 
limited supply of wild life. Today we find that many of 
our wild animals are gone. The supply was far from un- 
limited. Our birds, small fur-bearing animals, large 
mammals, fish, and other wild creatures have disappeared 
at- such an alarming rate that we must do something 
about it. Unless people everywhere recognize how serious 
the problem is, practically all of our wild life will become 
extinct. You have already learned that the dodo, the 
passenger pigeon, and the heath hen have disappeared 
because of man’s destructiveness. Others will soon follow. 
Instead of giving thanks for the unlimited supply of 
wild life, the people of our country must now try to find 
ways of conserving the kinds of wild life that are left. 

The United States Department of Agriculture and 
many private organizations, such as The Audubon Society 
of America and The More-Game-Birds-in-America Foun- 
dation, have attacked the problem. But organizations 
such as these mentioned above cannot accomplish this 
difficult task alone. Each citizen must learn what his part 
is in the plan of conservation and then do it. How can we 
attack the problem in a scientific manner? What is your 
part in helping to solve it? 
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W HY AUK OIJK WILD 
ANIMALS DISAPPEAR- 
ING SO RAPIDLY? One of 
the first things to do in 
solving a problem is to 
find what is causing the 
trouble. Why is our wild 
life disappearing so rapid- 
ly? One reason is that 
we have destroyed their 
breeding and feeding 
places. For example, in- 
dustrious farmers prac- 
tice dean farming; that 
is, they cut all the bushes 
and weeds in fence cor- 
ners, along ditch banks, 
and at the edges of woods. 

This has destroyed the 
places where quail, prairie 
chicken, and other birds 
can nest, feed, and find 
shelter. Many scientists think clean farming is one of the 
most serious causes of destruction of l)ird life. Under older 
methods of farming, when rail fences were in use, things 
were different. There was space in fence corners and other 
places where plants could grow and protect the birds. Of 
course, we cannot go back to the old days of rail fences. 
That would be a waste of wood. But it is possible to re- 
store the bird population in as little time as ten or fifteen 
years if we go about it properly. 

The same thing is true of animals, such as deer, bear, 
raccoons, beavers, bison, and many others. For example. 


Fig. 590. In many forest refuges in 
Wisconsin, feeding stations are pro- 
vided for the deer. (Wisconsin (Con- 
servation Department photo) 
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white-tailed, or Virginia, deer are noted for their habit of 
seeking the shelter and protection of forests. Since forests 
have been destroyed to such a great extent, the numbers 
of these animals have greatly decreased. The draining of 
swamps and ponds has robbed beavers of their natural 
habitats and has caused their complete disappearance 

in many places. Up until 
about 1870 great herds of 
bison inhabited the plains of 
our country. With the coming 
of civilization these animals 
were killed in great numbers. 
In 1900 only a few hundred 
wild bison and probably one 
thousand captive animals 
were left. The American Bison 
Society has worked very hard 
to keep these animals from 
becoming extinct, and today 
several thriving herds of bison 
are in existence. This is a 
good example of how wisely 
planned efforts can save an- 
imals from extinction. 

In addition to saving the 
natural habitats of birds and 
other wild life, there is some- 
thing else we must do to 
help them. The natural enemies of animals, game birds in 
particular, have been increasing. Stray cats and harmful 
kinds of hawks are good examples. Remember, however, 
that not all kinds of hawks are harmful. Some people try 
to kill any kind of hawk they see. This is very unwise. 



Fig. 591. Wasteful hunting 
may result in the disappear- 
ance of the wild duck. ((V)ur- 
tesy Neiv York Herald Tribune) 
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because there are only three kinds of hawks that are 
believed to be definitely harmful to other birds. These are 
the sharp-shinned hawk, the Cooper’s hawk, and the duck- 
hawk. The first two destroy small game and poultry, 
while the duck-hawk destroys large numbers of water- 
fowl. The American goshawk is a native of Canada, but 
it comes to the United States in the winter and destroys 
game birds. Other kinds of hawks are either entirely help- 
ful or do as much good as they do harm. The main thing 
to remember here, however, is that natural enemies of 
many of our game animals are increasing, while the oppor- 
tunities for the game animals to increase are becoming 
less and less. 

Another very important reason why wild life is decreas- 
ing so rapidly in our country is the methods of hunting, 
fishing, and trapping that are practiced in many places. 
Conservation of wild life does not mean that our people 
should not hunt, trap, and fish. It means that people who 
hunt, trap, and fish either for pleasure or to earn a living 
must use common sense in their methods. Truly, man is 
the worst enemy of many of the things that are most 
valuable to him. 

The invention of more effective guns, traps, and fisliing 
equipment has added to the destruction of our game. Have 
you ever heard sportsmen boast about the number of fish 
they caught or the number of birds they killed.^ These 
people are often the ones who complain the most that all 
of our wild life is disappearing. They enjoy hunting and 
fishing, yet they are unwilling to do the things that need 
to be done in order that they may continue to enjoy their 
sport. All the sportsmen, as well as everyone else, must 
work together if we are to succeed in saving our wild 
animals. 
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Self-Testing Exercises 

1. Make a list of reasons why wild life is disappearing so 
rapidly in most places. Which of these reasons apply to your 
own locality? Add others that are not given in your book. 

2. What are some of the natural enemies of wild life in your 
neighborhood? 

H OW CAN WE FIND WHICH ANIMALS SHOULD BE SAVED? 

You have learned earlier in your science work that 
where man does not interfere, there is a balance of num- 
bers among the wild plants and animals (see Science 
Problems, Book 1, pages 400-405). In trying to find what 
animals should be protected, we must not overlook this 
important principle. If we do overlook it, we may make 
matters even worse. For example, you have learned how 
man has upset the balance of nature by introducing 
rabbits into Australia. Another example occurred in the 
Kaibab National Forest, in Arizona. Rangers and hunters 
killed all the enemies of the deer. As a result, the deer 
multiplied in numbers until there was not enough food 
for them all. Hundreds starved to death. 

Some of the questions we should ask about an animal 
before we decide to protect it are: Is it of value to sports- 
men? Is it of practical value to man for other purposes 
than hunting? Will it add to our pleasure when we -see it 
on hikes and field trips? What effect will protection of this 
animal have on the natural balance? 

Here is an example of a scientific way of discovering 
whether an animal is helpful or harmful to man. Experts 
from the U. S. Department of Agriculture have exam- 
ined the contents of the stomachs of hundreds of red- 
.shouldered hawks. This bird was believed by many 
people to be harmful. What do you suppose the experts 
learned? About ninety per cent of the food of this hawk 



Fid. 592. Like a bolt from the blue, the red-shouldered hawk swooped 
down on the rabbit. (Pix-Laws photo) 

(consists of animals that injure our (*rops or pastures, and 
only about one and one-half per cent of its food is farm 
poultry or game animals. Surely a bird that does this 
much good must be saved! Be sure to note, too, the 
scientific way in which the facts were learned. When we 
deliberately decide that certain wild animals must be 
destroyed, we cannot make our decision by “hearsay'’ or 
what someone merely thinks. We must have scientific 
evidence; about their helpfulness or harinf illness and 
about their effect on tlie balance of life in the community. 

This method has also been used to find what wild 
animals use for food. Many kinds of animals, for example, 
minks and weasels, occasionally steal poultry. But more 
often they pay for their damage by eating great numbers 
of field mice and other small animals that destroy our 
food plants. Similarly, skunks feed upon mice, grubs, and 
harmful insects, while badgers feed upon ground scpiirrels, 
small burrowing animals, and insects. So now, when we 
want to find which animals are helpful and which are 
harmful, all we have to do in most cases is consult l)ooks 
that have been written by people who have studied the 
facts with care. 


Fi«. .'>98. Baby silver foxes, valuable as fur-bearing animals 

Kef ore we decide wlieth<'r a cerUaiii kind of animal 
should be protected, we woidd want to know also whether 
it has enough natural enemies to keep it in check, or 
whether it is likely to Ix'come a pest. It is very unwise to 
bring new animals into our country or to try to increase 
the numbers of certain kinds of animals unless exjjert 
biologists are consulted. These biologijsts study the prob- 
lem carefully and make experiments to be sure that an 
animal will not increase to such an extent that it will 
become a jiest. '^Phe mongoose of India was brought to 
Jamaica and other near-by islands to destroy rats, lizards, 
and snakes, l^ater it became a great i>est. It ate chickens, 
birds, siTUill farm animals, and sometimes fruit. The same 
thing can happen if we allow certain kinds of native 
animals to increase loo rapidly. Therefore our national 
and state governments employ specialists to study the 
problem of conservation from all angles to find how 
increased numbers of animals will fit into the scheme of 
living things. 

Some of tlie imijortant game animals of our country 
are deer, l)ear, moose, foxes, wolves, wildcats, and even 
rabbits. A few of these, such as wolves and wildcats, are 
considered harmful and are not protected in most jjlaces. 
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Many animals are of value as fur producers. These should 
be preserved at all times and hunted only according to 
carefully planned game laws. The important fur-bearing 
animals are minks, weasels, otters, skunks, muskrats, 
wolverines, badgers, raccoons, foxes, bears, and martens. 
The important game birds are quail, grouse, wild turkeys, 
pheasants, and ducks. Other kinds of birds are valued 
for their songs or for their beautiful plumage. 

We have not tried to make a complete list of all the 
kinds of wild life that should be protected. Fish, oysters, 
shrimp, and many others could be added. We have tried 
to make two things clear to you: (1) We have tried to 
show you some ways of finding what kinds of animals 
should be conserved, and (2) we have given some ex- 
amples of these kinds of animals. Undoubtedly you will 
think of many reasons as to why particular animals need 
protecting in your locality. 

Self-Testing Exercise 

Explain why the problem of conservation should be studied 
carefully in trying to find what animals need to be y)rotected. 

Problems to Solve 

1. Make a list of (a) wild animals that you consider helpful 
in your community, and (h) those that you believe to be harm- 
ful. Give your reasons for placing them in either list. Read 
government bulletins or other references to see whether you 
agree with them about the animals you have listed. 

With the help of your classmates find what animals are 
now protected by law in your community. Add to the list other 
animals that you think should be protected. In each case give 
definite reasons why you think these animals should be pro- 
tected. 

3. Read in government bulletins and other references to find 
more about how experts learn the feeding habits of animals. 



Fic,. 594. A brown thraslior with a band. The picture shows how 
to hold a bird without frightening and injuring it. The fingers, held 
lightly around the neck, quiet it, the thumb (raised for the picture) 
rests on the wing to prevtmt fluttering, while the bird perch(\s on the 
little finger. (IT. S. llureau of Biological Survey photo) 

W it AT AKK SOME OF THE WAYS OF C’OTSTSERVING WIED 
ANiMAES.^ Have you ever heard of birds wearing 
^^braeelets” like the one in F'igiire 594? h'or years the 
United States Governinent has operated bird-banding 
stations for the purpose of tracing the migration routes 
of birds. These birds are caught in harmless traps, and a 
band with a number on it is fa.stened around one leg. In 
government offices a record is kept of the kind of bird, 
when and where it was banded, and the number. When this 
bird is again captured, the number and date are reported. 

In this way the migration routes and the dates of these 
journeys are learned, because bird -banding stations liave 
been established in many jjarts of the world. Then bird 
sanctuaries are established in many places along the 
routes, especially along waterways (Figure 595). In these 
sanctuaries no one is allowed to kill the birds, and food 
and shelter are provided. Thus many birds that might 
be killed make their seasonal migration journeys safely. 



Fio. 595. At the Bluekwater Migratory Waterfowl Refuge in Alary- 
land, mallards, black ducks, and many other ducks take advantage 
of the daily rations of grain. (U. S. Bureau of Biological Survey photo) 

You, too, can help save birds and otlier animals. You 
can build bird homes and feeding stations, anti you can 
help keep animal enemies, such as stray cats, in check. 
Scouts, bird clubs, and other organizations are of great 
help in carrying out this valuable work. 

In a similar manner game preserves are set aside by the 
National and State (xovern merits and by a few private 
organizations. Many of these places are operated in c‘on- 
nection with state and national parks. Here trees and 
shrubs are planted for food and protection, and hunting 
and trapping are forbidden. The state of Maine, at least, 
is using the most modern methods in caring for the ani- 
mals in such preserves. In some parts of that state the 
game wardens patrol their areas in planes. WVien the* 
snow is deep and stays on the ground for long periods of 
time, sometimes large herds of deer and moose are unable 
to find food. Wardens in planes locate these herds easily, 
land their planes on skis, and choj^ down evergreens for 
food and make trails to places where food can be foun<l. 
If it is impossible for planes to land, food is dropped to 
the animals. Trouble and expense? Yes, but this state 
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Fig. 596. In winter, when food is scarce, the foresters provide food 
for pheasants at feeding stations in a Wisconsin game refuge. 
(Wisconsin Conservation Department photo) 

believes it is worth while. Farmers can follow the govern- 
ment’s example in leaving trees and shrubs on their land 
(or planting them), thus providing food, breeding pla<?es, 
and shelter for large numbers of animals tliat would other- 
wise die. Often swampy places and streams are set aside 
as homes for beavers, muskrats, and other water animals. 
In these preserves no one is allowed to hunt or trap. 

Did you ever hear of .streams or lakes that are ‘‘fished 
out”? Fishing is great sport, and so many people enjoy it 
that our lakes and streams have become almo.st empty of 
fish. To restock such places and to stock places that do not 
have certain kinds of fisli, national and state governments 
operate fish hatcheries all over our country. The men in 
charge of these hatcheries make surveys to find the best 
kinds of fish to put in different localities. They provide 
millions of fi.sh from the hatcheries and help put them in 
places where they are needed. 

Of course, many interesting problems arise in this work. 
The experts see to it that the correct number of fish are 
provided for the natural food supply. They may even 
suggest planting certain kinds of water plants for food, 
and they see that sewage, chemicals from factories along 
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streams, and other sources of pollution are eliminated. 
These would kill the fish, plants, and other wild life in 
such places. Recently the conservation workers have tried 
dropping fish into high mountain lakes from airplanes. 
This saves carrying cans of young fish up steep mountain 
sides on horses. Tests show that the fish are in better 
condition when dropped from planes than if they are 
carried up the mountain sides in cans. 

In many parts of our country there are fur farms to 
provide furs for commercial use. Hunting and trapping 
liave greatly cut down the number of fur-bearing animals. 
However, people still want furs. So, to meet the demand, 
fox farms, mink farms, and other animal farms have 
been established. They undoubtedly save many wild ani- 
mals from destruction. 

Other efforts to conserve animal life are the prevention 
of forest fires and the study of diseases of wild animals. 
Forest rangers with their fire towers and their forest 
patrols help in preventing forest fires. These fii-es not 
only kill or drive out wild life, but they destroy food and 
I he natural homes of animals. Our national government 



Fio. 597. Hatching jars, filled Fk;. 59S. Miiskellimge/r?/ (young 
with muskcllunge eggs (Wiscon- fish) being planted in an area to 
sin Conservation Dept, photos) which they are adapted 



Fia. 51)0. Raising pheasants for the State Game Coinmission is a 
definite ))roject of 4-H clubs in several states. (Hureaii of Riological 
Survey photo) 


has spent much time and money studying animal diseases 
and ways of preventing them. For example, in 1937 , after 
mu(;h experimenting tlie United States Department of 
Agriculture printed a bulletin (Farmers Bidlctm No. 1781 ) 
telling about the diseases of upland game birds. This 
bulletin describes many bird diseases, such as tuber- 
culosis, malaria, blackhead, and pneumonia. Did you 
know that birds have all of these and many other kinds 
of diseases? It also describes methods of fighting these 
diseases by jn-oper feeding, by the use of chemicals, and 
in other ways. 

Game laws are another means of protecting our wild 
life. These laws are carefully planned to prevent the kill- 
ing of animals during the breeding season and to limit 
the number that can be killed by any person during one 
day or during the hunting season. By these laws we help 
conserve the supply of wild life so that there will be ani- 
mals to hunt in the future. Hunting and fishing licenses 
are required in most places, and the money from these 
is used to pay game wardens and for other conserva- 
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tion purposes. Special licenses are issued to collectors 
of animal specimens for museums and other scientific 
institutions. 

Probably one of the greatest needs of saving our wild 
animals is the development of good sportsmanship among 
people who love to hunt and fish. Hunters and fishermen 
should willingly buy their licenses, because the money is 
used for the sportsman’s own good. Hunters should never 
kill or trap more game than the law allows, even though 
they may feel sure that they will not be caught by the 
game warden. Fishermen should obey the law regarding 
the number of fish they are allowed to catch, and they 
should put back into the water any fish that are under the 
size prescribed by the law. Finally, people who are to 
enjoy our wild life should be willing to cooperate in every 
way possible in trying to save our animals. These are but 
a few examples of the sportsman’s code. Can you add any 
others.^ Are you a good sportsman.?^ 

Self -Testing Exercises 

1. List as many different ways as you can of protecting wild 
life. Check with your book to see whether you have omitted 
any mentioned there. Give examples (from your own observa- 
tions, if possible) to show how these ways work. 

2. Which of the agencies mentioned in your book are operat- 
ing to protect animals in your locality? Are there others not 
mentioned in the book? List them. 

Problems to Solve 

1. Make a map of your state or of the United States. Show 
by means of color where bird sanctuaries, game preserves, and 
other places for protection of animals are located. 

2 . Get a copy of the game laws in your state and study them 
carefully so that you will understand better what is being done 
to protect animal life. 
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Problem 4: 

HOW CAN WE MAKE THE BEST USE OF OUR FORESTS? 

O UR FORESTS provide lumber for building houses, cross- 
ties for railroad tracks, fence and telegraph poles, 
piling for bridges, and material for making barrels, boxes, 
crates, and furniture. In some parts of our country the 
forests furnish us with fuel. Resin, turpentine, and tannin 
are other valuable forest products. Even the paper on 
which this book is printed is made of wood pulp. 

Notice in Table 7 what becomes of the wood in a 
typical tree that is cut for our use. Only a little over one- 
third of the material of the entire tree is available for 
use as lumber! Fortunately, however, not all of the other 

TABLE 7. What Becomes of the Wood in a Tree 


Left in stump, limbs, and top 18.9 per cent 

Bark 10.5 “ “ 

Sawdust 11 

Slabs from sides of logs 7.1 

Trimmings and edgings from boards 7.1 

Careless waste 2.8 “ 

Weight lost in drying 5 

Seasoned, undressed lumber 37. 6 


63 per cent is wasted. The increasing scarcity of wood has 
made us learn to use practically all of the tree. For ex- 
ample, the limbs are used for fuel, trees are being cut 
closer to the ground, leaving little waste as stumps, and 
sawdust is even being made into paper pulp. Another 
way of saving some kinds of wood is called veneering. 
Instead of making furniture and other artieles of solid 
oak, walnut, or other scarce wood, rapidly revolving 
knives cut the wood into large sheets almost as thin as 
paper. These sheets are glued over cheaper wood, and 
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Fkj. 000. When the colonists hrsl riG. 001. Jn lOi^O the total 
came to this country, a little less forest area was about sixty 
than one-half of the land was cov- per cent of the original area, 
ered with forests. (U. S. Forest Today the forest area remains 
Service photos) about the same as in 1926. 

the result is a product that looks as well as solid oak or 
walnut. In this way valuable wood can be made to go 
farther than it otherwise would. 

The problem of forest conservation is not a new one. 
As early as 1670 several towns in Massachusetts began to 
experience a shortage of lumber. Since then the shortage 
has become greater each year as more and more of our 
forests have been destroyed. A glance at Figures 600 and 
GOl will make this even clearer to you. In recent years the 
problem of how to save and protect our forests has become 
so important that our national government has established 
the United States Forest Service and other organizations 
to help solve the problem. Millions of acres have been 
bought by the government and set aside as National 
Forests. Most states have also established forestry com- 
missions, and many excellent private organizations are 
helping in the fight. Your part as an intelligent citizen 
will be to learn what can be done in the way of forest con- 
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servation and what you yourself can do; for, after all, 
saving our forests is a problem for every individual as 
well as for organizations. 

H ow CAN WE PROTECT THE FORESTS WE NOW HAVE.^ 
Fires do the greatest amount of damage to our forests, 
and over 90 per cent of these fires are started by the care- 
lessness of people. Each year over 150,000 forest fires 
cause 75,000,000 dollars worth of damage to timber and 
other property in the United States. So one of the most im- 
portant steps in saving our trees is the prevention of 
forest fires. Prevention of fires also saves many wild birds 
and mammals from being killed and preserves their 
homes. This important task of protection from fires 
is largely in the hands of forest wardens. These wardens 



Fig. 60 ^. This chart shows the 
need for intensive reforesta- 
tion. (U. S. Forest Service) 


are given the power to en- 
force forest laws and are pro- 
vided with special fire-fighting 
equipment. Fire stations are 
well supplied with fire-rakes, 
chemical fire-extinguishers, 
and other equipment. 

To help discover and locate 
fires, “lookout towers” are 
built. In each tower is an ob- 
server with binoculars, maps, 
direction indicators, and other 
instruments. When a fire is 
discovered, a message giving 
its exact position is sent by 
telephone or radio down to 
headquarters in the valley. 
Fire-fighters then “get on the 
job” to stop the fire before it 




Fio. 608 . The inside of h fire lookout station. When the lookout man 
sees smoke, he sights through a direction indicator an<l uses his maps 
to locate the fire exactly. (TT. S. Forest Service photo) 


spreads and gets out of control. Some fire-tovver stations 
have sleeping and cooking (|uarters for the observers. 
Airplanes are used in some places for patrolling forests and 
finding forest firc\s. Planes fly regularly over their patrol 
regions, spot fires, an<l report them by means of radio. 

But waiting until a fire starts and then trying to put it 
out is dangerous business. So, to help control fires, fire 
lane,^ are made. To make a fire lane the timber is cut from 
a narrow strip, and the ground is plowed through regu- 
larly. Thus if a fire starts in one part of a forest, it is pre- 
vented from spreading to other parts. In fighting fires 
that have started, water is pumped from streams and 
lakes. Chemical extinguishers are coming into use, and ex- 
perts think these will aid greatly in reducing the fire 
losses in our forests. Many states require that railroads 
cut a fire strip one hundred yards wide on either side of 
the road-bed and clear all of the inflammable material 
from this strip. 
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Fiq. 604. To cut trees so as to preserve the forest for many years is 
a scientific procedure. These foresters are marking the adult trees 
they have selected to be cut down. (U. S. Forest Service photo) 

Forest conservation is being practiced in still another 
way. Formerly, every usable tree was cut from the land 
as the logging crew went about its work. But the increas- 
ing scarcity of timber has now led to selective cutting. Ity 
this plan only a certain number of trees are cut for use at 
any single time. Other trees are left to mature, and new 
ones are planted as the supply is used. This keeps a steady 
supply of trees growing, and, if it is practiced widely 
enough, we may be sure of having lumber in the future. 
Forestry specialists have learned that selective cutting 
not only keeps a reserve supply of trees, but it makes these 
trees grow faster. Thinning trees gives them room to 
grow, just as thinning field crops does. 

Another way of protecting our forests is the study of 
tree diseases. Have you ever stopped to think how much 
trees are like people? In any large forest there are great 
numbers of healthy trees, just as in any large group of 
people there are many healthy people. However, there are 
always people who are sick. It is the same way in a forest; 
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there are always trees that are diseased, weakened from 
old age, or injured. Trees suffer from disease epidemics 
just as people do. For example, about fifty years ago 
people began to plant nut trees that were imported from 
the Orient. With these trees came a disease known as 


the chestnut blight. 

People paid little attention to this disease until most 
of the chestnut forests in Virginia, West Virginia, North 
Carolina, Pennsylvania, New Jersey, New York, Con- 
necticut, Massachusetts, and other states were infected. 
The government became alarmed at the rapid loss of 
these valuable trees and began experimenting to find ways 
of fighting the disease. However, they hail wait ed too long 
to start the fight, and as a result practically all of our 
chestnut forests are gone. Experiments are still being 
made to find a kind of chestnut that will resist this blight. 


Other diseases that ar<i 
becoming widespread art^ 
white-pine blister rust and 
the Dutch elm disease. These 
diseases threaten to destroy 
much of our white pine, 
which is so valuable as a 
source of lumber, and our 
stately elms, which are val- 
ued for their beauty. So 
far no cure has been found, 
but in recent years the gov- 
ernment has spent about 
$1,500,000 each year in try- 
ing to control tliese diseases. 
Still other diseases, such 
as beech-bark fungus, tcillow 



Fig. 605. Tunnels made in an elm 
by beetles that carry the Dutch 
elm disease (N.Y. Botanic Garden- 
Ameriean Fore.stry Association) 


Fig. 606. The destriu;tive work of the pine blister beetle in a white 
pine (U. S. Forest Service photo) 

blight^ and otliers, also llireaten our forests. In addition 
to these, insects take their toll from our forests. Much is 
being done toward finding ways of controlling or tmring 
tree diseases and getting rid of insect pests. The job is a 
big one, and about the only way of getting results seems 
to be by experimenting to find ways of controlling forest 
enemies of this kind and educating people to do their 
part in the fight. 

Self-Testing Exercises 

1. List methods of fighting forest fires. Try to add to your 
list other ways than those mentioned in your book. 

2. What is selective cutting of trees? How does it work? 

1^0 you think the government is justified in spending large 

amounts of money each year in the study and control of diseases 
of forest trees and of insect pests? Why? 

Problems to Solve 

1. Find in newspapers and recent scientific magazines reports 
of (a) new uses for wood, and (h) substitutes that have been 
found for wood. 

2. Miake a list of national, state, and private organizations 




Fig. 607. We have in the United States millions of such desolate 
acres as these because the forest growth has been stripped by lumber- 
ing and by fires. Since such land cannot reseed itself, we must reforest 
it. (U. S. Forest Service photo) 

that can be called on for aid in protecting our forests. After 
the name of each agency, try to list the kinds of help tliey offer. 

8. Get a copy of the fire laws in regard to the forests of your 
state. Study them to see how you can help carry them out. 

4. Find out what diseases and insects art* damaging trees in 
your locality. What measures are being taken to control them? 

H OW CAN WE REPEAC E THE FORESTS THAT HAVE BEEN 
DESTitOYED? Any successful factory must be stmlied 
constantly to see that each part of it is doing its share. 
Men and machinery cannot be idle in different parts of 
the plant if it is to be a success. If much of the land of 
our country lies idle when there is an increasing scarcity 
of forests, what should we expect? In a recent year 
50,000,000 acres of land in the United States lay idle 
because the trees had been destroyed and poor methods 
of farming had made the land unfit for use. This land 
could be reforested and made productive if the correct 
methods were used. In most pla<*es people do not know 
how to go about reforestxition because the idea is so new. 
What are some of the steps to be undertaken in doing this? 
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Fig. (U)H, Seed beds of one-year-old pines (Wisconsin Conservation 
Department photo) 


One of the most important things to study is the quality 
of soil. The soil must be analyzed to find what kinds of 
trees will grow best in the plaet\s where they are to be 
planted. For example, yellow poplar, white oak, sugar 
maple, and white ash grow best in fairly rich moist loam 
and in clay -loam soils. lied pine, loblolly pine, and short- 
leaf pine grow best in dry sandy soils. Black locust and 
white pine thrive in moist and sandy-loam soils. Sweet 
gum, southern white cedar, and cypress grow best in 
semi-swampy soils. Very often mixed plantings are desir- 
able. In this case the proper combinations must be made 
according to the locality aiul the type of soil. 

Anotlier thing to be considered is the size of seedlings 
to be planted. Most experiments show that no tree under 
six inches in height (not including the root system) should 
be planted. Other experiments show that reforestation 
projects are more successful when nursery stock rather 
than native seedlings is used. Young trees may l>e 
bought by the thousand very cheaply in most places. 
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Then comes the preparation of the land. Strangely 
enough, in most places scattered shrubby growth and 
older trees of poor quality should be removed before the 
new stock is planted. Planting may be done in the spring 
or fall, depending upon seasonal conditions, of course. 
The seedlings may be planted in furrows that have been 
broken with plows or in holes that are made with special 
tools. In some places they are planted in squares, and in 
others they are staggered. A good spacing is six feet in 
all directions from other seedlings. 

Experts say that the most damage to seedlings is done 
between the time they are taken from the nursery and 
the time they are planted. The tender root-hairs dry out 
and die, making it hard for the young trees to get a start. 
The seedlings should be “heeled-in” (put in trenches and 
covered with very moist soil) until they are put in their 
permanent places. Another caution experts give is in re- 
gard to the depth of planting. In general, seedlings should 
be planted about one-half inch deeper than they grew in 
the nursery. The roots shoidd be spread out in a normal 
position, but should never be curved upward. Finally, 
the soil must be packed tightly to fill up air pockets that 
might have been left about the roots. Then the trees are 
ready to do their part in the reforestation project. 

Fortunately, little care of the young forest is necessary. 
About all that must be done is to keep out large plants 
(such as weeds and shrubs) that would shade the small 
trees. Of course, insect damage and forest fires must be 
prevented, if possible, just as they would in any other 
forest. Trees are a paying crop in the long run, especially 
when they can be grown on land that is not well suited 
to other kinds of crops. In some places Christmas-tree 
farming pays well. 
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Fig. 609. IJefore a woodsman build.s Fic. 610. Before leaving acamp 
a camp fire, he clears a place of all fire, even for a .short time, one 
grass, pine needles, and trash, digs a should first pour plenty of 
hole, and in it builds the fire. (U. S. water over it and then cover 
Forest Service photos) it with earth. 

The national and .state governments and other agencies 
are doing so much for you and other citizens in restoring 
our forests, establisliing natural parks and camping 
grounds, mainttiining fire patrols, and providing museum 
exhibits of forest products. What can you do to help? 
You have already been doing something very important. 
You have been learning about conservation. The next 
step is to put what you have learned into practice in so 
far as you are able. When you take hikes and cook meals 
in the woods, you Ccan prevent fires by obeying the fire 
laws and by seeing that others obey them. You can help 
plant trees where they are needed, and you can keep in- 
formed about what is happening to our forests. You can 
insist that our state and national law-makers vote right 
on laws that we need to save our forests. 

Self-Testing Exercise 

Make a list of important things to know in planning to 
plant trees on a large scale. 
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Problems to Solve 

1. Talk with farmers, lumbermen, and other people in your 
community to find out (a) what kinds of trees are considered of 
most value, (6) which are of least value, (a) which are most plenti- 
ful, (d) which are scarce, and (e) what kinds of trees grow best. 

2. Are any reforestation projects being carried on near you? 
If so, visit them to find out what methods are being used. Note 
carefully the kinds of trees that are being planted, when the 
planting is done, the spacing of seedlings, the depth of planting, 
and other important factors. 

3. Get a map of your community and make a survey to find 
where tree planting should be done. Color these places in a 
special way on your map. This is a good class project. 

4. What additions or corrections would you make in answer- 
ing Exercise 9 of the Introductory Exercises now? Add these to 
your original answer. 


LOOKING BACK AT UNIT 12 

1. Copy the sub-problems of this unit, and write a few sen- 
tences to answer the main question asked in each sub-problem. 
If several ways of solving a particular problem are given, list 
these ways. This exercise is planned to give you a picture of 
conservation as it is discussed in this unit. 

2. Show in any way which seems best to you that you know 
the meanings of the following words or terms: 

contour farming strip cropping selective cutting 

bituminous coal cracking oil lignite 

re-pressuring terracing fuel oil 

clean farming good sportsmanship anthracite coal 


ADDITIONAL EXERCISES 

1. Make a collection of the wood of different kinds of trees 
that grow in your locality and elsewhere. Cut the specimens in 
four-by-six-inch sizes and sandpaper them to bring out the 
natural grain of the wood. Mount them for display in your 



712 


SCIENCE PROBLEMS, BOOK THREE 


classroom or school museum. Be sure to label each specimen 
carefully. 

2. Make a large graph to show what becomes of the wood 
from an average tree that is used for lumber. Use the figures 
given on page 700. 

3. Write to the United States Department of Agriculture, 
your State Department of Agriculture, and other sources for 
lists of bulletins and free material on conservation. Secure as 
many different kinds of these as possible for your school 
library. They will help you in any further work you want to 
do on conservation. 

4. Make a collection of coal and products that are made 
from coal. Do the same for petroleum. Mount these products 
so that they may be used for study in class. 

5. Make plans for a bird shelter and feeding station. State 
what kinds of birds you would expect to use it. 

6. With your elassmatcs visit your schoolground, a near-by 
park, or a woodland and plan a bird sanctuary. Make a map 
of the place and locate the best places to put bird houses, feed- 
ing stations, and for planting wild plants to be used as food by 
the birds. If possible, put your plan into action by proposing it 
to the Boy Scouts, Girl Scouts, or other organizations to which 
you belong. Ask your teacher, your scoutmaster, and your 
parents to help with your project. 

7. How is the study of animal diseases a part of conserva- 
tion.^ Write for Farmers' Bulletin No. 1781, United States De- 
partment of Agriculture, and read it to find the answer to the 
problem. 

8. Make a special study of the conserv^ation of wild flowers. 
What is being done in your own state? Write to the Wild 
Flower Preservation Society, 3740 Oliver Street, Washington, 
D. C., for information. 



READINGS IN SCIENCE 

T HIS part of the book is to help you find interesting 
science reading outside your textbook. The General 
Books named below are books that have parts on a great 
many different scientific topics. Usually you can find what 
you want to read by looking for a topic or word in its 
alphabetical place or in the index. 

On this page there is a list of magazines that may inter- 
est you. Beginning on page 714 are the Books on Special 
Topics, These books are of many different kinds. Some of 
them are interesting to read all the way through. Some of 
these books will be most useful when you want to find 
out more about some special topic for your own satis- 
faction and for reports to your class. 

I. GENERAL BOOKS 

Book of Knowledge (20 volumes). Grolier Society, 1931. 

Book of Popular Science (16 volumes). Grolier Society, 1931. 

Boy Scouts of America, The Official Scout Handbook for Boys, 1935. 
Compton's Pictured Encyclopedia (15 volumes). Compton, 1937. 

Girl Scouts of America, The Official Scout Handbook for Girls, 1933. 
World Book Encyclopedia (13 vohunes). W. F. Qiiarrie and (k)., 1934. 

II. MAGAZINES 

Current Science, Am. Education Press, 400 S. Front St., Columbus, O. 
Junior Natural History, American Museum of Natural History, Cen- 
tral Park West at 79th St., New York, N. Y. 

Junior Scholastic, Chamber of Commerce Building, Pittsburgh, Pa. 
National Geographic Magazine, Washington, D. C. 

Nature Magazine, 1214 Sixteenth St., N. W., Washington, D. C. 
Poptdar Mechanics, 200 E. Ontario St., Chicago, Til. 

Popular Science Monthly, 381 Fourth Ave., New York, N. Y. 

Science Digest, 631 St. Clair St., Chicago, 111. 

Science News Letter, 2101 Constitution Ave., Washington, D. C. 
Scientific American, 24 W. 40th St., New York, N. Y. 
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III. BOOKS ON SPECIAL TOPICS 
Unit 1 : How Do Living Things Behave? 

Allen, A. American Bird Biographies. Comstock, 1934. 

Baker, A. O., and Mills, L. H. Dynamic Biology (pages 523-568), 
Rand, 1938. 

Beebe, William. Exploring ndth Beebe. Putnam, 1932. 

Chapman, F. M. The Travels of Birds. Appleton-Century, 1916. 
Curtis, Brian. JAfe Story of the Fish (pages 70-125, 181-259). 
Appleton-Century, 1938. 

Daglish, E. Marvels of Plant Life (pages 49-100). Buttcrworth, 1929. 
Ditmars, R. Book of Insect Oddities, iappincott, 1938. 

Ealand, C. a. The Marvels of Animal Ingenuity (pages 178-188). 
Lippincott, 1926, 

Emerson, A. E., and Fish, E. Termite City. Rand, 1937. 

Finley, W. L. Wild Animal Pets. Scribners, 1928. 

Flint, W. Insects^ Mans Chief Competitor (pj). 84-133). Williams, 1932. 
Hornaday, W. T. Tales from Nature's Wonderland (pages 93-235). 
Scribners, 1924. 

Howard, L. The Insect Menace (pp. 81-101). Appleton-Century, 1931. 
Huxley, J. S. Simple Science (pages 234-278). Harper, 1935. 
Maeterlinck, Maurice. Life of the Bee. Dodd, 1913. 

Mellen, I. M. Young Folks' Book of Fishes. Dodd, 1927. 

PiCKWELL, Gayle. Birds (pages 24-79, 88-99, 114-125, 132-154, 
216-222). McGraw, 1939. 

Russell, E. S. The Behavior of Animals. Longmans, 1938. 

Verrill, a. Tl. Strange Insects and Their Stories. Page, 1937. 

Weed, C. M. Insect Ways. Appleton-Century, 1930. 

Unit 2: How Do Scientists Classify Living Things? 

Anthony, H. Fieldbook of North American Mammals. Putnam, 1928. 
Baker, A. O., and Mills, L. H. Dynamic Biology (pages 295-482). 
Rand, 1938. 

Blanch an, Nelime. The Bird Book. Doubleday, 1932. 

Bradley, J. C. Insect Life. Boy Scouts of America, 1931. 
Buciisbaum, Ralph. Animals Without Backbones. University of 
Chicago Press, 1938. 

Ditmars, R., and Carter, H. Book of Living Reptiles. Lippincott, 
1938. 

Eifrig, C. W. Reptiles, A mphibians, and Fishes. Rand, 1930. 
Federal Writers’ Project. Who's Who in the Zoo, Halcyon, 1937. 
Fuller, R. T. Along the Brook. Reynal, 1931. 

Gager, C. S. The Plant World. University Society, 1931. 
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Hegner, R. W. Parade of the Animal Kingdom. Macmillan, 1935. 
Holland, W. J. The Butterfly Book. Doiibleday, 1931. 

Hylander, C. J. American Scientists (pages 29-43, 53-64, 123-130). 
Macmillan, 1935. 

Hylander, C. J. The Year Round. Putnam, 1932. 

Lutz, F. E. Field Book of Insects. Putnam, 1935. 

Mathews, F. Book of Wild Flowers for Young People. Putnam, 1923. 
Morgan, A. H. Field Book of Ponds and Streams. Putnam, 1930. 
Peterson, R. T. A Field Guide to the Birds. Houghton, 1934. 

Pope, C. Snakes Alive and, How They Live (pp. 174-226). Viking, 1937. 
Rogers, Julia E. Tree Book. Doublcday, 1914. 

Teale, Edwin W. The Boys^ Book of Insects. Dutton, 1939. 


Unit 3: How Are Plants and Animals Fitted to the Conditions 
Around Them? 

Baker, A. O., and Mills, 1.. H. Dynamic Biology (pages 1-55, 502- 
518). Rand, 1938. 

Beebe, William. Nonsuch: Land of Water (pages 17-32, 77-93, 185- 
237). Harcourt, 1932. 

Curtis, Brian. Life Story of the Fish (pages 126-143, 230-234). 
Appleton-Century, 1938. 

E ALAND, C. A. The Marvels of Animal Ingenuity (pages 79-91, 201- 
226). Lippincott, 1926. 

Fabre, Jean-Henri. Marvels of the Insect World. Appleton-Century, 

1938. 

Howard, L. The Insect Menace (pp. 18-136). Appleton-Century, 1931. 
Kearney, P. Strange Fishes and Their Strange Neighbors. Double- 
day, 1933. 

Keni.y, Julie C. Cities of Wax. Appleton-Century, 1935. 
McClintock, Theodore. Underwater Zoo. Vanguard, 1938. 
MoRCiAN, A. An Aquarium Book for Boys and Girls. Scribners, 1936, 
PicKWELL, Gayle. Birds (pages 24-154, 216-222). McGraw, 1939. 
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SCIENCE WORDS 


H ere is a list of the important science words in this 
book, with the pronunciation and the meaning of 
each one. The marked letters in parentheses are sounded 
according to the letters in the following list of sample 
words. The accented syllable is marked This lighter 
mark / shows a lighter accent. 


a hat, cap 
a age, face 
a care, air 
a father, far 
e let, best 
e equal, see 


^r term, learn 
i it, pin 
i ice, five 
o hot, rock 

5 open, go 

6 order, all 


oi oil, voice 
ou house, out 
u cup, butter 
u full, put 
ii rule, move 
11 use, music 


o represents a in about, e in taken, i in pencil, o in 
lemon, u in circus. 


acoustical (okiis'^tikol) engineer, a person who j^lans the control 
of sounds in buildings, etc. 

Acrididae (akridl^'de), a family of insects that includes locusts 
and grasshoppers. 

adaptation (ad^ap taAshon), a structure or a method of behavior 
that makes living things fit their surroundings, 
aerial (ar^^iol), the wires in the air for receiving and sending radio 
waves. 

air bladder, a sac-like structure in fishes or plants for floating, 
algae, singular alga (al^'je, al-'go), green plants that belong to the 
thallophyte group. 

alternating current, an electric current that flows back and forth in 
a conductor instead of flowing always in the same direction, 
ammeter (am^me^tor or am -'iter), an instrument that measures 
the strength of electric currents in amperes, 
ampere (am^per), the unit for measuring the rate at which an 
electric current flows through a wire. 
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amphibian (am fib an), an animal living both on land and in 
water. 

an gio sperm (an -'jio sperm/), a plant that has its seeds enclosed in 
an ovary. 

Annelida (anel/ido), a group of invertebrate animals including 
earthworms and leeches. 

anus (a /nos), the opening at the end of the intestine through which 
waste material and undigested food pass. 

Arachnida (orak/nido), a class of arthropods including spiders, 
scorpions, etc. 

arc lamp, a lamp in which an electric arc is the source of light, 
armature (ar/mochor), 1. the piece of soft iron arranged to be at- 
tracted by the poles of a magnet. 2. the coils of wire that revolve 
in the magnetic field of a generator to produce electric current. 
3. the revolving part of an electric motor. 

Ar throp o da (ar throp/o do), a group of animals whose legs and other 
appendages are jointed, including the insects, crayfish, etc. 
association (oso/sia/shon), the connection of ideas in thinking, 
association area, the part of the brain that helps one remember. It 
brings together the impulses from the sensory areas, sorts them, 
and sends them on to the motor area, 
astigmatism (ostig/motizm), a defect of the eye that prevents rays 
of light from coming to a focus at a single point on the retina, thus 
causing a blurred image. 

audiometer (6/di om/i tor), an instrument for measuring the power 
of hearing. 

auditory (6/dit6/ri) center, the part of the brain that receives the 
impulses from the ear. 

auditory nerve, the nerve that carries impulses from the inner ear 
to the brain. 

Babbitt (bab/it) metal, a metal made of tin and antimony, 
ball bearing, a bearing that contains metal balls to lessen friction, 
battery (bat /or i), a set of two or more electric cells that produce 
electric current. 

behavior (bihav/yor), the response of a living thing to a situation; 
the activities of a living thing. 

Blattidae (blat/ide), a family of insects including cockroaches, 
blend, an individual with characteristics that are a mixture of those 
of the parents because of the fact that one trait is not completely 
dominant over the other. 

block and tackle, a combination of pulleys and rope used to lift 
weights, or otherwise exert a great force, 
brake drum, a revolving cylinder attached to the wheel of a vehicle, 
against which the brake band presses, 
brake lining, a tough substance used on brakes to make friction 
between the brakes and the brake drums on the wheels. 
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breed true, produce offspring having the same trait or traits as the 
parents from generation to generation, 
brush, a strip of metal or a block of carbon that carries the electric 
current from the armature of a generator to the outside circuit or 
from the outside circuit to the armature of a motor, 
bryophyte (bri^'oflt), any one of the group of plants to which the 
mosses and liverworts belong. 

budding, a method of grafting in which a bud from one tree (scion) 
is inserted beneath the bark of another (the stock). 

cambium (kam^biom), a layer of delicate growing cells between 
the bark and wood of trees and shrubs, that forms new wood and 
bark. 

carburetor (kar -'bo raptor), a device for vaporizing gasoline and 
mixing it with air in a gasoline engine, 
carrier waves, radio waves of varying intensities sent out to carry 
the messages to receiving sets. 

cell (electric), a device that produces an electric current by chemi- 
cal action. 

cer e bel lum (ser^i bel ^om), one of the lower parts of the brain, which 
helps coordinate movements of the body, 
cerebrum (ser-'i brorn), the upper part of the brain, that enables 
man to think. 

chain belt or drive, a band of chain passing over two or more wheels 
to transmit motion. 

charge, give an object an electric charge; supply an object, such as 
a storage battery, with electrical energy by passing an electric 
current through it. 

chi tin (kl-'tin), a hard material in the outer covering of animals such 
as insects, crabs, lobsters, etc. 

Chordata (korda-'ta) or chor dates (kordats^), the large group of 
animals that have backbones. It includes all vertebrates and a 
few other animals having a nerve cord and breathing organs 
arranged as in the vertebrates, 
circuit (ser^kit), the complete path of an electric current, 
circuit breaker, an object that interrupts the flow of electricity 
through a circuit. 

class, the division next smaller than the phylum in the plan of clas- 
sification of living things. 

clutch, a device by which the engine of a machine can be connected 
or disconnected from the driving wheels, 
cochlea (kok-'lio), the inner ear, shaped like a snail’s shell and filled 
with liquid. 

Coelenterata (selen^tora^to) or coe len ter ates (selen^torats), 
the group of animals including jellyfish, coral, etc. 
cold-blooded animal, an animal whose body temperature changes 
to correspond with the temperature of its surroundings. 
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Cole op ter a (ko^liop^toro), an order of insects including beetles, 
commutator (kom^uta-^tor), a device for reversing the direction of 
an electric current. 

concave (kon'kav), curved like the inside of a circle or sphere, 
condensation (kon/ den sa'shan), 1. the part of a sound wave in 
which the air molecules are pressed together. 2 , the change of 
water vapor to liquid water. 

conditioned reflex (kandish^'and re/fleks), an acquired response 
that is substituted for an inherited response to a certain stim- 
ulus. 

conductor (kanduk^tar), a material through which heat, electricity, 
or sound can pass easily. 

cone, the structure that bears the seeds in the gymnosperms, such 
as the pine and other evergreens. 

conservation (kon^sar vaAshan), the prevention of waste of natural 
resources through intelligent and careful use of them, 
contour farming, a method of laying out fields so that the rows run 
around the hills instead of up and down them, 
convex (kon-'veks), curved like the outside of a sphere. 

Critical Period, an interval of time between eras in the geologic 
history of the earth. 

cross-breeding, the mating of plants or animals belonging to differ- 
ent breeds or varieties. 

cross-pollination (kros^pol^'ina^shan), the transfer of pollen from 
the stamen of one flower to the stigma of another. 

Crustacea (krusta^sho), a class of animals including lobsters, 
shrimps, etc. 

cutting, a small piece of root or shoot cut from a plant that will 
grow into a new plant of the same kind, 
cycle, the series of strokes of a piston in the cylinder of an engine, 
cylinder, the part of an engine or other device in which a piston 
slides back and forth. 

dam, the mother animal in sheep, cattle, horses, and other four- 
footed animals. 

dead center, the position of the crank of the flywheel of an engine 
when it is in a straight line with the connecting rod. 
dead points, the two points in its journey in a cylinder at which the 
piston cannot exert a turning force, because the connecting rod 
and crank are in a straight line. 

decibel (des^'ibel), a unit for measuring the loudness of sound, 
decompose (de/kompoz/), separate a chemical compound into 
elements or simpler compounds. 

detector (ditek^tor) tube, a special tube in a radio set in which 
high-frequency alternating current is changed to a pulsating direct 
current that corresponds to sound waves, 
diaphragm (dl>' 0 fram), a thin dividing partition. 
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dicotyledonous (dlkot'^ileManos) plant, a plant with an embryo 
that has two seed leaves or cotyledons, 
differential (dif/aren-^shol), an arrangement of gears that allows 
for the difference in speed of the two driving wheels, as in turning 
a corner. 

diffused (difuzd^) light, reflected light that is scattered, 
dinosaur (di^nosor), one of a group of extinct reptiles. 

Dip ter a (dip^taro), an order of insects, such as the flies and mos- 
quitoes, having two wings only. 

direct current, electric current that flows in one direction only, 
direct lighting, the type of lighting in which the light comes directly 
from the lamp. 

disks, the circular parts of a clutch covered with friction-producing 
material that act to connect or disconnect the engine from the 
driving gears. 

dis tiib u tor (dis trib-'u tar), the device in a gasoline engine that sends 
a current to each spark plug at the proper time, 
dominant trait (dom^inant trat), the stronger of two opposite 
traits, that shows itself even when the other trait is part of the 
inheritance of the plant or animal, 
dry cell, a sealed cell for producing electric current, having zinc and 
carbon electrodes and a paste moistened with ammonium-chloride 
solution as the active chemical. 

eccentric (eksen^trik), a circular device that rotates about a point 
not its center, used on machines for changing circular motion into 
back-and-forth motion. 

E chi no der ma ta (i ki/no der^mo to) or echinoderms (e kl^'na darmz), 
a group of animals including the starfish and sea urchins, 
electric arc, the stream of brilliant light formed as current crosses 
a short space between one conductor and another, 
electric charge, a substance has an electric charge when it has 
gained or lost electrons so that it is no longer neutral, 
electrical friction, the resistance of a conductor to the passage of an 
electric current. 

electrical pressure, the force that tends to make electricity flow 
through a conductor. 

electrical system, the various electrical devices in an engine that 
produce the sparks in the cylinders and provide for lighting, etc. 
electrode (ilek-'trod), either of the two poles, or terminals, of a 
battery or any similar electrical device, 
e lec troly sis (i lek/trol>'i sis), the use of an electric current to decom- 
pose a melted or dissolved chemical compound into its elements, 
electrolyte (ilek^trolit), a melted or dissolved compound that will 
conduct an electric current. 

electron (ilek^tron), a tiny particle containing a negative charge 
of electricity. 
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electroplating (ilek/troplat/ing), coating an object with metal by 
using electric current and an electrolyte, 
energy, power to make matter move or change, 
era (er-'o), the largest division of geological time, 
erosion (iro'^zhon), an eating away or a wearing away. 

Eustachian (usta^kion) tube, a tube that leads from the back 
part of the mouth to the middle ear. 
exhaust valve, a valve in an engine through which used steam or 
gases may pass from the cylinder to the exhaust pipe and out to 
the open air, 

family, in the plan of classification of living things, the family is the 
division next smaller than the order, 
fault, a break in rocks that allows them to move past each other, 
fertilization (fer/ti lizaAshan), the uniting of the nuclei of male 
and female reproductive cells. 

field magnet, an electromagnet used in a generator to make a strong 
electric field. 

filament (fil/omant), the thread-like wires in an electric light-bulb 
that glow to give the light. 

fire-tube boiler, the type of boiler in which hot gases pass through 
tubes surrounded by water, 
fixed pulley, a pulley that does not move up and down, 
fluctuating (fluk/chuating) current, a current varying in strength, 
fluorescent (flu ores /ant) lamp, a lamp without filament that pro- 
duces light from special materials coating the inside of the glass 

tubes. . . 1 T 1 

focus (fo/kos), place a lens in such a position that the light rays 

coming through it make a clear image; the point at which rays of 
light, heat, etc., meet after being reflected or refracted, 
foot-candle, the brightness of the illumination provided by a stand- 
ard candle at a distance of one foot, 
foot-pound, the w^ork done when a force of one pound is moved 
through a distance of one foot. 

force-arm, in a lever, the distance from the force to the fulcrum, 
fossil (fos/il), the hardened remains or trace of an animal or plant, 
four-cycle or four-stroke cycle engine, an engine in which a series 
of four strokes of the piston is needed for every push the piston gets, 
frequency (fre/kwonsi), the number of vibrations per second of the 
source of a sound; in radio the number of waves per second sent 
out from the aerial of the sending station, 
friction (frik/shan), rubbing of one thing against another; resistance 
to motion of surfaces that touch each other, 
frictional (frik/shan al) electricity, electric charges produced by rub- 
bing one material on another. -xu 

fuel system, the parts of the gasoline engine that have to do with 
supplying the gasoline to the engine. 
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fulcrum (ful'kr 0 m), the place where a lever is rested or supported, 
fungi, singular fungus (fun/jl, fung^gas), the plants of the thal- 
lophyte group that do not have chlorophyll, 
fuse (fuz), a part of an electric circuit that will melt and break the 
circuit if the current gets dangerously large. 

galvanometer (gal/vanom^itar), an instrument for determining 
the presence, strength, and direction of an electric current, 
gear, a wheel having teeth that fit into the teeth in another wheel, 
gear-shift lever, a long .transmission lever by which the position of 
automobile transmission gears can be changed, 
genera, singular genus (jen^aro, je-'nas). Families of plants and 
animals are divided into genera. 

generation (jen/ara-'shan), the offspring of a given parent or 
parents, considered as a single step in the series of descendants 
from any parent or parents. 

generator (jen^ara^tar), 1. an apparatus for producing electric 
current. 2. a machine for changing mechanical energy into the 
energy of an electric current. 

geologist (jiol^'a jist), a scientist who studies the structures and 
changes of the earth. 

gill, a feather-like structure through which fish and other water 
animals take in oxygen from the water, 
gill cover, a plate-like structure on the head of a fish that covers 
and protects the gills. 

gill rakers, spiny projections on the gill-supporting bones that sift 
out solid particles from the water passing over the gills, 
gizzard (giz^'ard), a bird’s second stomach, where the food from the 
first stomach is ground up fine. 

grading, a method of animal-breeding in which the sire is pure-bred, 
but the dam is not. 

grafting, a method of obtaining desired characteristics in plants by 
applying buds or twigs of one kind to the rooted stems of another 
kind in such a way that they will grow together, 
grid, the plates of a storage battery. 

g3rm no sperm (jim^na sperm), a plant that bears its seeds in cones. 

habit, a tendency to do a certain thing in a certain way. 
habitat (hab^itat), the place where an animal or plant naturally 
lives or grows. 

head (of water), the height of water above a certain place. 
Hemiptera (himip^tara), an order of insects including bugs and 
lice. 

heredity (hired>'iti), the tendency of offspring to resemble their 
parents. 

hibernation (hi^'barna^shan), spending the winter in sleep, as bears 
and some other wild animals do. 
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horse-power, a unit for measuring the rate at which a machine can 
do work; the power necessary to do 550 foot-pounds of work in a 
second. 

hybrid (hl^brid), the offspring of two animals or plants of different 
races, varieties, or species. 

hydrometer (hldrom^itor), an instrument for finding the densities 
of liquids. 

Hy me nop ter a (hi^raonop^tora), an order of insects including the 
ants, bees, and wasps. 

igneous (ig^nios) rock, rock that has melted and hardened, 
image, a picture of an object such as is formed by a light that passes 
through a lens or is reflected by a mirror, 
imprint, a mark made by pressure, as a footprint in sand, 
impulse, the message sent along a nerve from the place of stimula- 
tion to the brain, or from the brain to a muscle, 
incandescent (in^kan des^ont), glowing with heat, 
inclined plane, a sloping surface. 

indirect lighting, the method of lighting in which the light comes to 
the room by reflection from the ceiling, 
induction (induk^shan) coil, a small transformer consisting of a 
primary coil wound with insulated wire and a secondary coil 
fitted over the primary, wound with many thousands of turns of 
small insulated wire. 

induction motor, a motor using only alternating current and having 
no electrical connections to the armature from the outside, 
inertia (iner^sha), tendency of all objects to stay still if still or, if 
moving, to go on moving in the same direction unless acted on by 
some outside force. 

inherited response, a response that is not learned, but is purely 
mechanical. 

Insecta (insek^ta), a class of arthropods including the flies, butter- 
flies, beetles, etc. 

in series, connected in an electrical circuit in such a way that each 
electron must go through every device in the series, 
instinct (in^'stingkt), or instinctive (in stingk^'tiv), behavior, a kind 
of behavior that an animal inherits from its parents, 
insulator (in^sala^tar), material that prevents the passage of 
electricity or heat; a non-conductor, 
intake valve, the valve through which the mixture of gas and air 
from the carburetor enters the cylinder of a gasoline engine, 
internal-combustion engine, an engine that burns fuel inside itself, 
invertebrate (inver-'tibrat), an animal without a backbone, 
involuntary (invol'ontar^'i) action, an action over which one has 
no control. 

ion (I 'an), one of the charged particles into which some materials 
are broken up when they are dissolved; a charged particle in the air. 
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jack, a machine for lifting heavy weights short distances, 
jackscrew, a jack for raising weights, operated by a screw, 
jeweled beating or jewel, a bearing made of a small piece of precious 
stone or other mineral, used in watches. 

kilocycle (kil^asl^'kal), a unit equal to 1000 cycles, used especially 
in radio for measuring the frequency of electric waves, 
kilowatt (kil>'9 wot/), a unit of electric power equal to 1000 watts, 
kilowatt-hour, 1000 watt-hours of electric energy, 
kinetic (kinet/ik or kinet/ik) energy, energy possessed by a body 
because of its motion. 

larynx (lar/ingks), the upper end of the windpipe, where the vocal 
cords are located. 

lent! cel (len/tisel), a pore in the bark of stems through which the 
cells beneath obtain oxygen. 

Lepidoptera (lep/idop/tara), an order of insects including butter- 
flies and moths. 

lever (lev^ar or le/var), a bar working on a pivot or support, called 
a fulcrum. 

lichen (li/kon), a plant of the thallophyte group, that consists of an 
alga and a fungus growing together, 
light meter, an instrument for measuring the amount of light needed 
for different purposes and the kind and number of lamps necessary 
to supply this light. 

light rays, the lines in which light travels through the air. 
liverworts (liv/arw^rts/), plants of the bryophyte group, for the 
most part with flattened bodies that are often branched, 
luminous (lu/minas or lu/minas), shining by its own light. 

magnetic (mag net /ik) field, the area in which the force of a magnet 
acts. 

magneto (magne/to), a small machine that uses permanent mag- 
nets for producing electric current, 
mammal (mam/al), an animal that suckles its young, 
mass selection, a method of improving plants in which all the seed 
selected is planted together. 

mechanical advantage, the ratio of the force produced by a machine 
to the force applied to it. 

mechanical energy, energy possessed by moving bodies or by bodies 
because of their position. 

medulla (midul/a), the lowest part of the brain. The medulla is 
continuous with the spinal cord. 

met amorphic (met/a mor/fik) rock, rock changed in its structure 
by natural agents such as pressure and heat, 
migrate (ml/grat), pass from one region to another with the setasons, 
as many birds do. 
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mimicry (mim^ikri), the close resemblance of one animal to another 
animal. 

Mollusca (mains ''ko) or mollusks (mol ''asks), a group of animals 
including snails and clams. 

moss, a small leafy plant belonging to the bryophyte group. 

motor area, the part of the brain that sends impulses to the muscles 
of the body. 

movable pulley, a pulley that is attached to the weight to be moved 
and moves with it. 

mutation (muta-^shan), a new trait that breeds true. 

Myriapoda (mir^iap^ada), a class of arthropods including centi- 
pedes. 

negative charge, one kind of electrical charge that a body may have, 
consisting of an excess of electrons over protons. 

non-conductor, a substance that does not readily conduct heat, 
electricity, etc. 

objective lens, in a compound microscope or telescope, the lens 
nearest the object to be looked at. 

octave (ok^tav), the interval between one musical note and another 
having twice or half as many vibrations. 

offspring, the children of a pair of parents. 

opaque (opak^'), not letting light through. 

order, in the classification of plants and animals, the group below 
or smaller than a class, but larger than a family. 

Orthoptera (or thop^'tor 9), an order of insects including grass- 
hoppers, cockroaches, etc. 

overshot wheel, a water-wheel turned by the force of water flowing 
over the top of the wheel. 

overtone, a higher tone heard along with the main or fundamental 
tone of a vibrating body. It is produced by the body vibrating 
in parts. 

parallel circuit, an electrical circuit in which '^lectrlca/ devices are 
connected so that some of the electrons go through each device 
without going through the others. 

pedigree (ped'igre) system, a system of keeping records of the 
ancestry of animals. 

pedigreed (ped^igred), an animal whose ancestry is known for 
several generations. 

Pel ton (pel 'ton) wheel, a type of undershot wheel having a row 
of curved buckets on the rim, against which water is shot from 
a nozzle. 

percussion (parkush'an) instruments, musical instruments that 
are played by striking them. 

period, the division of geologic time next smaller than the era. 
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periscope (per/iskop), a device consisting of an arrangement of 
mirrors or prisms in a tube, by which a view at the surface of 
water or land, etc., may be seen from below or behind, 
petiole (pet^iol), the stem or stalk of a leaf. 

phosphorescent (fos^fores/ont) organ, a structure that gives off 
light without heat. 

phy lum (fl/lom), the largest group into which plants or animals are 
divided. 

pistil, the seed-bearing part of a flower. 

piston (pis^ton), a flat, round piece of wood or metal, fitting closely 
inside a tube, or hollow cylinder, in which it is moved back and 
forth by some force, such as steam pressure, 
pitch, in music, the degree of highness or lowness of a sound; of a 
screw, the distance between the centers of two threads, 
plane mirror, a flat mirror. 

platypus (plat -'i pas), the duckbill, one of the egg-laying mammals 
of Australia. 

pollen tube, the tube that grows out of the pollen grain down 
through the style to the ovary in a flower. 

Polychaet (pol/iket) worm, one of the group of worms having 
many bristles and including most of the common sea worms, 
polyp (pol^'ip), a simple form of water animal not much more than 
a sac-like stomach with tentacles around the edge for gathering 
in the food. 

Porifera (porif/aro), the sponges, a group of invertebrate animals 
having many tiny pores in their bodies, 
positive charge, one kind of electrical charge that a body may have, 
consisting of an excess of protons over electrons, 
power, energy or force that can do work; the rate at which a machine 
can do work. 

primary coil, the coil of a transformer that, by its magnetic effect, 
generates current in another coil, called the secondary coil, 
primate (prl^mat), any one of the highest order of animals, includ- 
ing monkeys and apes. 

prism (prizm), a solid, triangular-shaped piece of glass that will 
separate white light passing through it into the colors of the 
rainbow. 

progeny (proj^ini), offspring or descendants of a pair of parents, 
progeny-performance method, a method of improving plants or 
animals by keeping a separate record of the offspring from differ- 
ent individuals and breeding only those from parents that produce 
the best offspring. 

protective coloration (kul/ora/shon), the coloration of animals that 
makes it hard to distinguish them from their surroundings, 
proton (pro -'ton), a tiny particle carrying a positive charge of 
electricity. A proton is a part of an atom. 

Protozoa (pronto zo^a), the group of one-celled animals. 



732 


SCIENCE PROBLEMS, BOOK THREE 


psychologist (sikol-'o jist), one who studies the science of the mind, 
pteridophyte (ter'idofit^), the group of plants that includes the 
higher non-seed-bearing plants, the ferns and related plants, 
pulley, a wheel with a hollowed rim in which a rope can run, and so 
lift weights or change the d-irection of the pull, 
pulsating current, an electric current that changes from a strong 
one to a weak one, back to a strong one, and so on. 
pure-bred, used to describe an animal whose ancestry is known for 
several generations. 

quality, the character of a tone that makes it possible to tell it from 
another tone of the same pitch and intensity. The combination 
of original tone and overtones affects the quality of a tone. 

radiant energy, energy in the form of visible or invisible rays from 
some heated source. 

radiator (ra^dia'^tor), the part of the cooling system of a gasoline 
engine in which the hot water from around the cylinders is cooled 
by the rapid giving off of heat into the air. 
ra di o ac live (ra^di 6 ak-'tiv), used to describe an element like radium 
that gives out radiant energy all the time as it changes into other 
substances. 

radio waves, electromagnetic waves that travel out from an aerial 
in radio broadcasting; a form of radiant energy, 
rarefaction (rar/ifak-'shon), the part of a sound wave in which the 
air molecules are spread apart. 

reaction time, the time that it takes for a person to react to a 
stimulus. 

receiver, the part of the telephone that receives electric current from 
the transmitter and changes it back to sound waves, 
recessive (rises ^'iv) trait, in heredity, a character that does not 
show itself when the dominant trait is present, 
reciprocating (risip^rakating) motion, back-and-forth motion, 
such as that used with a tire pump, 
reed, a thin piece of wood or metal that produces the sound in certain 
musical instruments, such as a clarinet, saxophone, etc. 
reflect (riflekt^), throw back, as light, heat, sound, etc. 
reflex act, an action that takes place without one’s willing it to take 
place. 

refract (rifrakt-'), bend from a straight course, as light in passing 
through a lens or prism, 
refraction (rifrak/shon), the bending of light. 

regularly reflected, a whole beam of light reflected together, as sun- 
light is reflected from a mirror. 

reptile (rep 'til), a cold-blooded vertebrate animal that creeps or 
crawls, such as a snake or a lizard, 
resistance (rizis'tons), in electricity, friction. 
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resonator (rez^ona^tar), a device for making sound louder and 
longer by reflection or sympathetic vibrations, 
retina (ret ^i no), the layer of cells at the back of the eyeball that is 
sensitive to light and receives the images of things looked at, 
reversing (river /sing) prism, a combination of prisms that reflects 
light four times and turns an inverted image right-side-up. 
rhizoid (ri/zoid), a thread-like structure that serves as a root in 
moss plants. 

roller bearing, a bearing used for heavy machinery, in which a set 
of small rollers turns between a shaft or wheel and its support, 
rolling friction, the friction between a roller or a wheel and a 
surface. 

rotary (ro/tori) motion, circular motion, such as that of a wheel, 
rotor (ro/tor), the rotating part of a machine or apparatus. 

safety valve, a valve in a boiler that allows steam to escape when 
the pressure becomes too great. 

scion (si /an), the shoot or bud cut for grafting onto a rooted plant, 
screw, a type of inclined plane consisting of a cylinder having a 
spiral ridge running around it. 

screw propeller (pro pel /ar), a propeller that acts on air or water 
in the way an ordinary screw acts on wood or metal, 
secondary coil, the coil of a transformer in which current is generated 
by the magnetic action of another coil, called the primary coil, 
segment, a ring-like part of an animal such as the earthworm, 
selection (silek/shan), a method of improving plants and animals 
by choosing, for growing and breeding purposes, individuals show- 
ing the best qualities. 

selective (silek/tiv) cutting, a plan for conserving trees in which 
only a certain kind and number of trees are cut from a forest at 
any one time. 

self-pollination (self/pol/ina/shon), the transfer of pollen from a 
stamen to the stigma of the same flower, 
semi-direct lighting, lighting in which part of the light is reflected 
from the ceiling, and part is diffused into the room through a 
translucent bowl under the light. 

sending key, the part of the telegraph sending apparatus that is 
pressed down and released to complete or break the electric circuit, 
sensory area (sen /sari ar/ia), the part of the brain to which the 
nerves of the different sense organs are connected, 
series circuit, a method of connecting electrical devices together so 
that each electron must go through every device in the circuit, 
short circuit, the path of an electric current when it goes back to the 
generator without passing through any electrical device, 
simple machine, a simple device that transmits and modifies force, 
sire (sir), the male parent of an animal. 

sleep movement, the movement of flowers and leaves at night. 
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slide valve, one kind of valve in a steam engine that moves back and 
forth to let steam first into one end of the cylinder and then into 
the other end. At the same time the slide valve regulates the 
escape of used steam from the cylinder, 
sliding friction, friction created when two surfaces slide past each 
other. 

slip ring, insulated rings on the shaft of an alternating-current gen- 
erator that help transmit the current from the armature to the 
outside circuit. 

sonometer (sonom-'itor), an instrument for experimenting with 
vibrating strings. 

sounder, a receiving instrument by whose sounds a telegraph mes- 
sage is read. 

sounding-board, a board behind the strings of a piano that reenforces 
the sound made when the hammers strike the strings, 
sound insulator (inAsola^tor), a porous or flexible material that 
transmits sound waves very poorly, 
sound-level meter, an instrument for measuring the loudness of 
sound. 

sound wave, one of the series of motions of air molecules that trans- 
mits vibrations from the vibrating source of sound to the ear. 
A complete sound wave includes one condensation and one 
rarefaction. 

species (spe^'shiz), in the classification of plants and animals, the 
division next smaller than a genus; all the plants or animals of a 
single kind. 

spectral (spek^'trol) color, one of the pure colors of the spectrum, 
spectrum (spek^tram), the band of colors into which white light is 
separated when it is passed through a prism, 
sper ma to phyte (sper ^ma to flt^) , a seed-bearing plant, 
stallion (stal>'yan), a male horse useful for breeding purposes. 
Standard Pitch, a pitch, also known as International Pitch, based 
on a frequency of 435 vibrations per second for A above middle C. 
All orchestras are supposed to use this pitch, and most pianos are 
tuned to it. 

starting motor, the part of the electrical system in an automobile, 
etc., that starts the gasoline engine, 
static electricity, electric charges on bodies such as are produced by 
rubbing one material on another. 

steam chest, the box-like part of a steam engine that covers the 
slide valve and the openings into the cylinders, 
steam turbine (ter^bin or ter^bin), an engine or motor in which 
a wheel with vanes is made to revolve by the force of steam, 
step-down transformer (transfer -'mar), a transformer that reduces 
the voltage of an alternating electric current, 
step-up transformer, a transformer that increases the voltage of an 
alternating electric current. 
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stimulus, plural stimuli (stim^ubs, stim^ull), anything that 
causes a response in a living thing, 
stock, the rooted plant onto which twigs and buds are grafted, 
storage battery, three or more storage cells connected together, 
storage cell, a cell for generating current that can be recharged by 
running a current of electricity through it. 
strip cropping, planting different crops in strips of equal width, 
running across the slopes instead of up and down. 

S3mi pathetic vibration (sim''p0thet^ik vlbra^'shon), vibration 
produced in one body by sound waves of the same number of 
vibrations per second in another body. 

S3nichronous (sing ^'kra nos), occurring at the same time, or going 
on at the same rate and exactly together. 

taste buds, small, flask-shaped bodies on the surface of the tongue 
believed to be special taste organs, 
teletypewriter (tel/i tip-'rlt/or), a machine that receives the mes- 
sages from a telegraph receiver and automatically types tliem out. 
television (tel^'i vizh/an), transmission and reproduction of the 
images of distant persons or scenes by any device that changes 
light rays into radio waves and then back into light rays, 
tentacle (ten^'takal), a slender, flexible appendage in animals that 
serves as an organ of touch, etc. 

terracing (ter losing), a method of preventing soil erosion l)y build- 
ing the long, steep slopes of hillsides into short, gradual slopes, 
almost like steps. 

thallophyte (thal^'dflt), one of the group of plants, including the 
fungi, algae, and lichens, in which the plant body is not differ- 
entiated into true root, sterns, and leaves, 
top-soil, the uppermost layer of soil, about eighteen inches thick, 
tracheal (tra^'kiol) gills, outgrowths from the body covering of the 
aquatic stages of some insects by means of which oxygen is 
obtained from the water. The air tubes of the insect extend into 
such gills. 

trait (trat), a characteristic. 

transformer (transfor^mor), a device for changing the voltage of 
an alternating electric current. 

translucent (translu^'sant or translu-'sont), letting light through, 
but not transparent. 

transmission gears (transmish^an gers), gears forming part of the 
transmission system of an automobile, 
transmission system, the part or parts of an automobile involved 
in transmitting power from the engine to the rear wheels, 
transmitter (transmit ^ar), the part of a telephone into which one 
speaks; the part of a telegraphic instrument by which a message 
is sent. 

transparent (transpar^ant), easily seen through. 
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trial-and-error (behavior), making all possible attempts and elimi- 
nating the ones that bring unsatisfactory results, 
trilobite (trivia bit), an extinct member of the arthropod group 
that lived in the Paleozoic Era. 

tropism (tro^pizm), the response of plants to stimuli from a certain 
direction. 

turbine (ter /bin or ter /bin), an engine or motor in which a wheel 
with vanes is made to revolve by force of water, steam, or air. 

unconformity (un/kanfor/miti), the surfaces between layers of 
older rocks and layers of newer rock, showing that changes have 
occurred between the times of formation of the layers, 
undershot wheel, the type of water-wheel turned by water flowing 
under the wheel. 

variation (var/ia/shan), the differences between living things of 
the same species. 

vertebrate (ver/tibrat), an animal with a backbone, 
vocal cords, membranes in the throat, the lower of which can be 
pulled tight or loosened to help make the sounds of the voice, 
volt (volt), the unit used to measure electrical pressure, 
voltage (vol/tij), electrical pressure, measured in volts, 
voltmeter (volt/me/tar), an instrument for measuring the number 
of volts of an electric circuit. 

voluntary (vol/antar/i) action, an action of the body that is willed 
to happen. 

warm-blooded animal, an animal that keeps an almost even body 
temperature, regardless of the temperature of the air or water 
that surrounds it. 

water jacket, a hollow space filled with water around the cylinder 
of a gasoline engine, to prevent overheating of the cylinder, 
water-vascular (w6/tor vas/kular) system, the internal structure 
peculiar to the Echinoderm group of animals, 
watt (wot), a unit for measuring power, about 44 foot-pounds per 
minute; in electricity a watt is the power of a current of one am- 
pere flowing under a pressure of one volt, 
watt-hour (wot /our/), the amount of energy used by a device that 
uses one watt for one hour. 

watt-hour meter, an instrument that measures the number of watt- 
hours of electric energy used in a building over a period of time, 
wedge, a piece of wood or metal with a thin edge used in splitting, 
separating, etc. 

weight-arm, the distance from the weight to the fulcrum, in a lever, 
wheel and axle, a simple machine consisting of a wheel or a crank 
fixed to a bar or shaft, 
work, exerting a force through a distance. 
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Africa, 648, 649, 650, 655 
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150, 166, 168; drying efV(H;t of, 
166; elasticity of, 210; charges of 
electricity in, 272-273*; sounds 
as produced by vibration of, 321; 
as carrier of sound, 324*-325, 
328; passage of light through, 
382, 387-391 ; heat of compressed, 
541-542; power of compressed, 
548-551 

Air bladder, of fish, 153*, 640; of 
water plant, 155* 

Air brake, 550*-551 
Air column, 353*-354 
Airplane, compared with bird, 
169*; motor, 537*; game patrol, 
695; forest-fire patrol, 703 
Air-pressure, 361. 535 
Alaska, 621, 654 
Albino, 579, 580* 


Alcohol, as affecting behavior, 35- 
37; as source of energy, 556, 685 
Algae, 130*, 131*, 132*. 133 
Alligator, classification of, 81*, 118; 

adaptations of, 149, 151, 184 
Alloy, 438 

Alternating current, 306-307, 463, 
475 476 

Aluminum, 438, 439, 466, 470 
Amber, 262, 621 
Ameba, 86*, 87*-88* 

American Bison Society, 688 
Ammeter, 298, 299*, 448*, 449 
Ammonium chloride, 290, 291 
Ampere, 298, 299*, 448*-449, 451 
Ampere, Andre, 298 
Amphibian, classification of, 81*, 
84, 118*; adaptations of, 159, 
171 ; prehistoric, 609-610, 640, 641 
Anger, 30-31 
Angiosperm, 135-136* 

Angle, of incidence, 393*, 399*, 
401 ; of reflection, 393*, 399*, 401 
Animal disease, 659*, 697-698 
Animal light, 381* 

Annelida, 108* 

Ant, 125 

Antelope, 167*, 651 
Anther, 570 
Anthracite coal, 677* 

Anus, 102, 107 
Ape, 26-27 
Apple, 563, 564, 597 
Arabs, 375* 

Arachnida, 124 

Arc, electric, 423, 443-445 

Archaeopteryx, 644* 

Archeozoic Era, 626, 645 
Archimedes, 205 
Archimedes’ Principle, 152 
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Arctic, fox, 178; hare, 178, 185 
Arcturus, 386 
Argon, 442 

Armadillo, 183*, 184, 650 
Armature, of generator, 306*, 307*, 
308*, 309*, 509*; in electric bell, 
456, 457*; in electric motor, 
459*, 460*, 461*, 462*, 463*; in 
telegraph sounder, 481*, 482* 
Armored cable, 281* 

Artedi, Pehr, 77 

Arthropod, classification of, 112- 
115*, 123-124; adaptations of, 
159; prehistoric, 639* 

Asphalt pit, 621 
Association area, 14*, 15-18 
Astigmatism, 419 
Atom, 267, 292 
Atomic energy, 557 
Audiometer, 335* 

Auditory, center, 14*, 15; nerve, 
359* 362 

Australia, 141, 633, 648, 649-650, 
653-054 

Automobile, transmission gears, 
209*; transmission of power in, 
216, 544-548*; storage battery, 
297-299; trafiic safety device, 
377*; head lamp, 379*, 401 
Automobile driving, 35-36*, 37* 
Avoiding reaction, 39 
Ax, 205, 206, 241 

Babbitt metal, 250, 253 
Baboon, 144* 

Backbone, 116 
Backswimmer, 185 
Bacteria, 132; prehistoric, 645 
Badger, 651, 691 
Baffle plate, 521* 

Balance of nature, 690 
Balancing organ, 359*, 361 
Ban bearing, 248* 

Banding, bird, 694* 

Band shell, 368* 

Banjo, 316*, 349, 352 
Bark, 172, 188 
Barnacle, 1 23 
Baseball bat, 209, 230, 253 
Bassoon, 354, 355* 

Bass viol, 316, 348*, 350 
Bat, 119, 650 


Battery, 286, 293*, 294-300 
Bear, 81*, 687, 693 
Bearings, 247*-250*, 253 
Beaver, 38*, 151, 687, 688 
Bee, 52*, 55-57, 125* 

Beech-bark fungus, 705 
Beet, 594* 

Beetle, 113, 115*, 124, 125*, 139*, 
176*, 706* 

Behavior, explained, 5-8; nature of 
stimuli, 8-13; control of body by 
brain, 14-19; habit formation, 
20-24; nature of thinking, 25-29; 
influence of emotions and prej- 
udices on, 30-35; effect of 
alcohol on, 30-35 ; trial-and-error, 
38-41; reflex acts, 44-49; in- 
stinct, 50-54; memory, 55-59; of 
plants, 60-68 

Bell, Alexander, 339, 479* 

Bell, electric, 277*, 278*, 456*- 
457*; sound from, 319, 322 
Bell jar, 324*, 325, 387 
Belt, 208*, 215*, 216 
Bicycle, 205, 214, 216, 219, 243 
Biennial plants, 74* 

Binoculars, 422* 

Birds, migration of, 53, 180*; classi- 
fication of, 80, 81*, 82*, 83*, 
84*, 119; bones of, 168-169*, 171, 
188; prehistoric, 643, 644*; dis- 
eases of, 659*, 698; causes of 
disappearance of, 686-689; band- 
ing of, 694; sanctuary, 694 
Bison, 651, 688 
Bitter-weed, 75* 

Bituminous coal, 677 
Blackberry, 594-595, 596 
Black rose, 605* 

Black- widow spider, 124* 

Bladder, of fish, 153*, 640; of water 
plants, 155 
Blast furnace, 679 
Blattidae, 126 

Blind people, keenness of senses of, 
10; instructors for, 23* 

Block and tackle, 233*, 235* 
Blood, 107; cold-blooded, 117-118; 
warm-blooded, 119; temperature 
of, 172, 177-178 

Blood vessels, in earthworm, 107, 
171, 172;effectof heaton, 177-178 
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Blubber, 159* 

Blueberry, 564*, 585*, 598* 
Bluegrass, 667 
Bluejay, 82* 

Boat, primitive, 498* 

Bobcat, 120* 

Body temperature, as controlled by 
reflexes, 47; regulation of, 172, 
177-179; of hibernating animals, 
179 

Boiler, 519-522* 

Bones, as essential to land locomo- 
tion, 168; of birds, 169*; of head, 
326*, 361, 362* 

Boston fern, 579* 

Boulder Dam, 477, 507, 508 
Bow, violin, 350 
Brace-and-bit, 206, 240* 
Brachiopod, 623* 

Brain, superiority of man’s, 8-9, 27, 
192; as receiver of sense mes- 
sages, 11, 12, 13, 14*-20; areas of, 
14*, 15-18; nerve celts of, 15*; 
effect of alcohol on, 36-37; and 
reflex acts, 45; of earthworm, 
106; as interpreter of what we 
see, 416; as affected by inherit- 
ance, 581-582, 583-584 
Brake, drum, 252; lining, 252, 253; 

air, 550*-551 
Brass instruments, 348* 

Bread mold, 131 

Breathing, as a reflex, 47; in verte- 
brates and invertebrates, 116; 
during hibernation, 179; position 
of vocal cords in, 320*, 321*; of 
mammals to produce sound, 322 
Bridge, of violin, 351* 

Bristles, of earthworm, 105-106* 
Brittle-star, 104 
Broadcasting studio, 372* 
Brontosaurus, 607*, 641 
Broom, 205, 230 
Brown- tail moths, 53* 

Brown thrasher, 694* 

Brush, of generator, 307*, 308*, 
309*; of motor, 459*, 461*, 462. 
463* 

Bryophyte, 129, 133*-134* 
Budding, 598*-599 
Bug, 113, 125* 

Bumblebee, 125* 


Burbank, Luther, 594-595 
Burning glass, 413* 

“Bush-baby,^’ 655* 

Butterfly, 80, 113, 124, 125*, 187 

Cactus, 166*, 175* 

Calorie, 218 
Cambium, 597* 

Cambrian Period, 626, 639* 

Camel, adaptations of, 173; pre- 
historic, 636, 648, 651 
Camera, 386*, 387*, 411, 413*-414* 
Can opener, 201, 212 
Carbon, in electric cells, 290*, 291, 
293*; in first electric lamp, 441*- 
442*; in arc lamp, 444* 

Carbon dioxide, 157, 171, 176, 385, 
533 

Carboniferous Period, 626, 640- 
641, 646, 647* 

Carburetor, 532*, 534*, 535, 538*, 
541 

Carnivorous animal, 195 
Carrotwood, 75* 

Cat, bebavior of, 41, 42; classifica- 
tion of, 120*; sound made* by, 
322; mutations in, 579; as 
destroyer of birds, 688 
Catamount, 120* 

Cattle, sounds made by, 322; 
breeding of, 566*, 567*; muta- 
tions in, 579 
Cecropia, 171* 

Cedar, 135 

Cell, nerve, 15*; electrical, 259*, 
260*, 277*, 278, 285, 300; sperm, 
568, 570 
Cello, 348*, 350 

Cenozoic Era, 626, 636*, 644, 645* 
Centipede, 113, 123*, 124 
Cerebellum, 46* 

Cerebrum, 14*, 15 
Chain belt, 215* 

Chameleon, 186 
Check dam, 661* 

Chemical change, in simple cell, 
285-289; in dry cell, 290*-291; in 
storage battery, 294-298; in elec- 
trolysis, 466*-471; to release heat 
from fuel, 518, 521*, 533; in 
green leaf, 554; of elements in 
rock, 631*-632 
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Chemical energy, to make elec- 
trical energy, 285-297; stored in 
green leaf, 386, 554; stored in 
coal, 518, 554-555, 676; of burn- 
ing gas, 533-534 
Chemical stimulus, 12 
Cherry, 598 
Chestnut blight, 705 
Chewing gum, 682 
Chicken, classification of, 82*, 84; 
effect of diet on, 582*; breeding 
of, 603-604 

Chimpanzee, 6-7, 26*, 651 
Chinch bug, 590* 

Chisel, 206, 217, 241 
Chitin, 113-114 
Chlorine, 466, 470 
Chlorophyll, 129, 130, 131, 385 
Chordate, 116 
Chromium, 466 
CiUa, 38, 39*, 89*, 109, 157 
Circuit, electrical, 277*, 278; paral- 
lel, 281-282*, 283; short, 282; 
series, 281-282*, 283, 292*, 293* 
Circuit breaker, 279*, 478 
Clam, classification of, 100*, 109*, 
110*; adaptations of, 156, 157, 
159, 184 

Clarinet, 336, 337*, 354, 355* 
Class, in classification, 123 
Classification, reasons for, 73-78, 
120; structure as basis of, 79-85; 
of simplest animals, 86-91; of 
sponges, 92-94; of coelenterates, 
95-99; of echinoderms, 100-104; 
of segmented worms, 105-108; of 
mollusks, 109-112; of arthropods, 
112-115, 123-127; of fish, 117- 
118; of amphibians, 118; of 
reptiles, 118-119; of birds, 119; 
of mammals, 119-120; general 
plan of, 122-127; of thallophytes, 
129-133; of bryophytes, 133-134; 
of pteridophytes, 134-135; of 
spermatophytes, 135-137 
Claw hammer, 212 
Clay, 440, 666, 667 
Clean farming, 687 
Click beetle, 115* 

Climate, determination of prehis- 
toric, 623; during Eocene Period, 
634; (luring Mesozoic Period, 


641; during Carboniferous Pe- 
riod, 646 

Clock, 210, 238, 438*, 464* 

Clothes wringer, 205, 210 
Clover, 668 
Club moss, 134-135 
Clutch, 544*, 545*, 546* 

Coal, as source of energy, 518, 554; 
uses of, 518, 677-679; XT. S. 
production of, 676; future supply 
of, 676; kinds of, 676-677*; 
methods of conserving, 676-680* 
Coal tar, 678 
Cochlea, 359*, 360* 

Cocker spaniels, 577* 

Cockroach, 125 
Coconut palm, 191* 

Code, telegraph, 481 
Coelenterate, 71*, 95*-99* 

Coke, 678-679* 

Cold-blooded animal, 117-118 
Coleoptera, 125* 

Color, 426-429 

Commutator, 308*, 309*, 459*, 

461*, 462, 463* 

Compounds, separation of by elec- 
tricity, 468-469 
Compressed air, 548-551 
Compression stroke, 535*, 541-542 
Condensation, 331*, 332* 
Conditioned reflex, 48* 

Conductor, of electricity, 270-272, 
274, 283; heat generated by re- 
sistance of, 436*-440; of sound, 
324*-329 

Cone, of plant, 135, 136* 

Cone flower, 60* 

Connecting rod, 532*, 542* 
Conservation, reasons for need of, 
661-663*; of soil, 664*-675; of 
coal, 676-681; of oil, 681-686; of 
wild animals, 686-699; of forests, 
700-712 

Conservation of Energy, Law of, 
217-218 

Contour farming, 666, 669*-670 
Contractile vacuole, 89* 

Cooper’s hawk, 689 
Copper, in electric cell, 287, 288. 
289, 302; electroplating, 366, 

466*-468, 471*; resistance of. 
438, 439 
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Copper sulphate, 467, 471* 

Coral, polyp, 99*; fossil, 623 
Corliss engine, 524* 

Corn, as source of alcohol for 
power, 556; prize, 561*, 563; 
variations in, 577-578, 586, 587; 
selection of, 586*-590*; rag-doll 
test for, 587-589*, 588*; cross- 
pollination of, 593*; and erosion 
control, 667*, 668, 670 
Cornea, 416* 

Cornet, 313*, 353 
Cotton, 207, 210; and erosion, 667, 
668 

Cotyledon, 136 
Cougar, 120* 

Coughing, 47 

Cover crops, 671 

Cows, breeding of, 600*-602* 

Coyote, 195, 651 

Crab, 113, 123 

CracMng, of petroleum, 684-685 
Crane, 203, 230, 232*, 234*, 244* 
Crank, as simple inacliine, 206, 
238; of steam engine, 522, 523*, 
524; of gasoline engine, 532*, 
534*, 535*; of Diesel engine, 
542* 

Crank case, 542* 

Crank shaft, 503*, 532*, 534*, 535*, 
536, 542* 

Crayfish, 80, 113, 114*, 123 
Creosote, 679 

Cretaceous Period, 564*, 626, 629* 
Cricket, 113, 125*, 322, 323* 
Crinoid, fossil, 627* 

Critical Period, 625, 626 
Crocodile, 118, 154 
Crocus, 64 

Crop, of earthworm, 106*, 107 
Crops, kinds of to control erosion, 
667*-668, 670, 671*; rotation of, 
667*-668, 671 

Cross-breeding, of peas, 570-574; 
of wheat, 591-594; of corn, 593*; 
of tomato plants, 594*; of beet 
plants, 594*; of blackberries, 
594-595; of animals, 604 
Cross-pollination, meaning of, 570; 
of wheat, 592-594; of corn, 592*; 
of tomatoes, 594*; of beets, 594*; 
of l)lackberries, 594-595 
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Crowbar, 202, 206, 211*, 218, 227, 
229 

Crowds, behavior of people in, 34* 
Crustacea, 123, 128* 

Cuttings, of plants, 596-599 
Cuttlefish, 162 
Cycad, 609* 

Cycle, of sound, 360*; of gas 
engine, 536-537 
Cyclops, 128* 

Cylinder, of steam engine, 519*, 
522*, 523*, 524*, 525*; of gaso- 
line engine, 531, 532*, 533, 534*, 
535*, 537*, 538; of Diesel engine, 
541 *-542*; of air brake, 550-551* 
Cypress, 135, 708 

Daddy-long-legs, 113, 124 
Dam, power, 507*-508*; in animal 
breeding, 600; check, 661* 

Dead center, 524 
Dead point, 524, 525 
Deafness, disadvantages of, 316- 
317; audiometer for testing, 
335*; aids for, 360, 361-362* 
Decibel, 339-340 
Deep-sea angler, 161* 

Deep-sea animals, 160-163* 

Deer, 184, 386*, 687*, 688, 690, 695 
De Laval, Carl, 528 
Derrick, 206, 213*, 238 
Detector tube, 491 
Devil-fish, 110-111* 

Devonian Period, 626, 640, 641*, 
646* 

Diablo Power Plant, 472*, 508* 
Dicotyledon, 136, 137* 

Dictaphone, 364-365 
Diesel, Dr. Rudolph, 541 
Diesel engine, 302*, 500*, 503*, 
541 *-543 

Differential, 544*, 547* 

Diffused light, 394 *-395*, 408*, 
409, 420* 

Digestion, in ameba, 88*; in para- 
nieciurn, 39; in sponge, 93; in 
hydra, 96; in sea-anemone, 98*; 
in oyster, 101, 102*; in earth- 
worm, 106*-107 
Digestive juice, 47, 172 
Digger wasp, 50, 51*, 52 
Dimetrodon, 628* 
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Dingo dog, 650 

Dinosaur, 609*, 622*, 641-643*, 648* 
Diptera, 125* 

Direct current, 308*, 309*, 459*, 463 
Direct lighting, 408* 
Discouragement, 32 
Disease, caused by protozoa, 90; 

of birds, 698; of trees, 704-706* 
Distributor, 532*, 538 
Dizziness, 361 
Dodo, 182* 

Dog, behavior of, 25-26, 41*; ad- 
aptations of, 80, 178, 194*; 

heredity in, 565, 577*, 579 
Dolphin, 157*, 322 
Dominant trait, 571, 572*, 573, 576 
Donkey, 188, 634 
Door chime, 369* 

Dragon-fly, fossil, 640-641 
Drainage, as factor in wild-life 
destruction, 688 
Dredge, 199* 

Drill, 201* 

Drum, 318, 338, 340*, 348*, 349* 
Dry cell, 277*, 278, 286, 290-294 
Duck, classification of, 82*, 84; 
adaptations of, 151; conserva- 
tion of, 688*, 693, 695 
Duckbill, 649* 

Duck-hawk, 689 
Dutch elm disease, 705* 

Dyestuffs, 679 

Dynamo, 307*, 309*, 310*, 474-475 
Eagle, 82*, 84 

Ear, as sense organ, 12; audiometer 
for testing, 335*, 358-359*; drum 
of, 338, 359*, 360, 362, 363; aids 
for defective, 361-362*; care of, 
363 

Earth, changes in surface of, 612- 
619, 624-628; age of, 629-632 
Earthworm, 105*-108, 167-168, 173 
Eccentric, 503*, 505*, 523*, 525* 
Echinoderm, 100*-105, 625* 

Echo, 369-370, 372 
Eclipse, 391 
Edison, Thomas, 441 
Efficiency, of gasoline engine, 500, 
543; of windmill, 505; of water- 
wheel, 509, 510; of steam boiler, 
520 


Egg, of dinosaur, 643 
Egg-beater, 214*, 216 
Egg cell, 568, 570 
Egyptians, 612* 

Electrical pressure, 292-293, 297, 
298, 437, 444, 446-448* 

Electric charge, nature of, 262*- 
269; movement of, 270-274 
Electricity, static, 261-266, 267*; 
nature of, 266-269; movement of, 
270-274; control of, 277*-284; 
produced by cells, 285-301; from 
generators, 301-309, 495*; for 
heat, 435*-440; for light, 441*- 
446; measurement of, 446-455; 
to run motors, 455-665; to plate 
metals, 466*-468*; to separate 
compounds, 468-471*, 472*-478; 
to send messages, 479*-493; 
transmission of, 552*-553 
Electrode, 288, 289*, 290*, 291, 471* 
Electrolysis, 469*-471* 

Electrolyte, 467 

Electromagnet, to make electrical 
current, 306, 307*; in door chime, 
369; in voltmeter, 448*; in elec- 
tric bell, 456*, 457*; in electric 
motor, 459*, 462-464*; in tele- 
graph, 481 *-482; in telephone, 
485*, 486* 

Electron, 262, 267, 268*, 269*, 271, 
273*, 274, 278, 281, 282, 283, 
288, 291, 292, 293, 304, 443, 
447*, 449, 461, 489, 491 
Electroplating, 366, 466*-468* 
Elephant, 621, 636, 651 
Elm, 705* 

Emotions, 30-32 

Energy, needs during hibernation, 
179; of steam, 203; stored by 
machines, 214-215; kinetic, 214, 
464, 502, 504, 506; potential, 
215, 503, 506, 508, 554; use of 
chemical to make electrical cur- 
rent, 285-301; use of mechanical 
to make electrical current, 301- 
311; of light, 385-387; measure- 
ment of electrical, 452-454*; 
transmission of electrical, 472- 
478; of muscles, 497*-498; har- 
nessed by steam boiler, 518-522; 
transmission of harnessed, 544- 
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551; transmission by compressed 
air, 548-551; sun as source of all, 
553-555; future sources of, 553- 
558; atomic, 557; waste of in 
burning coal, 678 
England, 614 
English horn, 355* 

English sparrow, 653 
Eocene Period, 626, 633*, 634 
Eohippus, 635* 

Epidermis, 174, 188 
Era, of geologic time, 624-625, 626 
Erosion, as indicating age of earth, 
615, 617*, 629-630; causes of 
soil, 664-667; control of, 669*- 
672, 673-675 
Eskimo, 193* 

Esophagus, 106*, 157 
Euglena, 115* 

Eustachian tube, 359*, 361, 363 
Evaporation, from leaves, 67-68; 

from bodies of animals, 172-175 
Everglades, 147* 

Evergreen leaves, adaptation of to 
temperature, 180 
Exchange, telephone, 486, 487* 
Exhaust, of steam engine, 523*; of 
locomotive, 525*-526; of gasoline 
engine, 535*, 536; of Diesel 

engine, 542* 

Exhaust stroke, 535*, 536, 542* ' 
Experience, brain as storelionse of, 
16-18; value of, 18, 59 
Eye-glasses, 418, 419 
Eyes, as receiver of sensation, 11; 
of rabbit, 11*; of starfish, 104; of 
earthworm, 106; of snail, 110*; 
of deep-sea animals, 162*- 163; of 
animals, 187-188; man’s, 191; 
light needs of man’s, 403*-409; 
per cent of defective, 405*; lens 
of, 410, 411, 414, 416*; care of, 
419-420* 

Family, as group in classification, 
126, 127; resemblance, 567, 569 

Famine, 585 

Fan, electrical, 438*; of windmill, 
502*, 504*-505*; of gasoline en- 
gine, 539, 544* 

Faraday, Michael, 260*, 302, 304, 
309, 458 


Farming, and erosion, 669*-675 
Far-sightedness, 418* 

Fat, as aid in flotation, 154; as in- 
sulation against cold, 159*, 179; 
as reserve food, 179 
Fault, in rock, 618*, 619* 

Fern, 134-135*; prehistoric, 622*, 
623, 646*, 647* 

Ferton, Charles, 51 
Field-glass, 410, 423 
Field magnet, 306, 309*, 459, 461*, 
462, 463*, 464* 

Field of force, in generator, 304*, 
306, 308*; in motor, 458*, 459, 
461*, 462, 463* 

Filament, electric. 441*, 442* 

Fin, 117* 

Fire box, 520*, 521*, 525* 

Firefly, 381* 

Fire lane, 703 

Fire tongs, 230 

Fire-tube boiler, 520*, 525* 

Fish, classification of, 80, 81*, 84; 
characteristics of, 117*-118; ad- 
aptations of for getting oxygen, 
148*-149; as adai)tod to move- 
ment in water, 151*; adaptations 
for flotation, 153*, 157; adapta- 
tion to cold, 159, 183-184; experi- 
ment to determine value of col- 
oration of, 186-187; prebistorit-, 
609, 639, 640; conservation of, 
689, 696-697* 

Fishing pole, 212-213, 230 
Fixed pulley, 233* 

Flame, and sound waves, 329* 
Flashlight, 290, 291, 293* 

Flatiron, electric, 282*, 298, 435, 
438*, 439*, 449 
Flax, 590-591 
Flax wilt, 590-591 
Flicker, 5*, 75-76 

Flotation, adaptations for, 152-155 
Flowers, response to light, 64*-65; 
pollination of, 570, 592-593; of 
four-o’clock, 575*; of red sun- 
flower, 578* 

Fluorescent lamp, 443* 

Flute, 316, 354* 

Flywheel, of steam engine, 523*, 
524*-525; of gasoline engine, 
534*. 536, 537 
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Focus, 411*, 412*, 413*, 414*; of 
.eye, 417-419* 

Food-getting, by ameba, 88*; by 
paramecium, 89; by sponge, 93; 
by hydra, 95*-96; by sea-anem- 
one, 98; by oyster, 100*-101*; 
by earthworm, 106-107; by 
clam, 109, 110*; by fungus, 131- 
132; by lichen, 133; adaptations 
of water animals for, 156-158; of 
deep-sea animals, 160-161*; ad- 
aptations of land animals and 
plants for, 176* 

Food grinder, 243 *-244 
Food vacuole, 89* 

Foot, of clam, 110*; of snail, 110*; 

of horse, 634, 636* 

Foot-candle, 403, 406* 

Foot-pound, 219-220, 514-516 
Force, of muscles multiplied by 
simple machines, 211*-212*; di- 
rection of changed by simple 
machines, 213*-214*; necessary 
for work, 218-219; multiplied by 
machines, 224*-226*; in levers, 
228*-230*; in pulleys, 233*-235*; 
in inclined planes, 236; in wheel 
and axle, 236*-238*; in wedges, 
241-242; in bicycle, 243 
Force-arm, 228*, 229*, 230* 

Forest fire, destruction by, 702*; 

methods of fighting, 702-703* 
Forest products, 700 
Forests, conservation of, 700 *-710 
Fossil, 611*, 612, 620*-623* 
Four-o^clock, 575* 

Fox, 692* 

Franklin, Benjamin, 272* 

French horn, 352*, 353 
Frequency, of sound, 343*; of 
electricity, 489 

Friction, as essential to locomotion 
of animals, 168; use of machines 
to overcome force of, 209-210, 
219; as affecting machine effi- 
ciency, 223; in wedge, 242; value 
of, 251-252*; means of reducing, 
247*-251; tape, 253*; electricity 
from, 261-266, 267*, 270, 271- 
272; electrical, 279, 436*, 437, 
446 

Frog, behavior of, 4*; classification 


of, 80, 81*, 113, 118, 124, 125*; 
adaptations of, 154, 179 
Fuel, chemical energy in, 499*, 518, 
521 ; need of conserving, 676, 681 ; 
methods of conserving, 676-685 
Fulcrum, 228*, 229*, 230* 

Fungi, 130, 131*-132*, 133, 188 
Fur, use of, 192, 193*; farm, 697 
Furnace, electric-arc, 444-445 
Fuse, electrical, 276, 277, 279*, 
280*, 281, 282, 284, 444 
Fuselage, 169* 

Galago, 655* 

Gall insect, 125 

Galvanometer, 286*, 287, 302, 

303*, 305*, 475* 

Game bird, 659*, 686, 687, 688, 
693, 695*, 698* 

Game laws, 698-699 
Gas, as source of energy, 533-534 
Gas bladder, 153*, 160, 640 
Gasoline, 203, 381, 495, 532*, 534*, 
535*, 537*, 556, 685 
Gasoline engine, 201, 203, 259; in- 
vention of, 500*, 531-532; parts 
and operation of, 531-540; trans- 
mission of power from, 544*-548 
Gears, as simple machine, 209*; 
on windmill, 505*; to reduce 
turbine speed, 530; timing, 534*; 
automobile transmission, 544*- 
547*; differential, 544*, 547* 
Gear shift, 544*-547 
Generations, of living things, 572* 
Generator, electric, 215*, 260*, 278, 
285, 286, 299*, 300, 302*, 305*- 
309*, 464; wind operated, 504*; 
operated by water-wheel, 507, 
509*, 510*; on locomotive, 525 
Genus, as group in classification, 
126-127 

Geographic distribution of living 
things, causes of, 648-657 
Geologic time, determination of, 
622-623; table of, 624-628 
Geranium, wild, 137* 

Gill rakers, 157 

Gills, of starfish, 103; of clam, 109, 
110*; of fish, 117*, 148*-149, 
153*, 157; of amphibians, 118: 
of Dobson fly, 149* 
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Giraffe, 322, 651 

Gizzard, in earthworm, 106*, 107 
Glacier, 621, 656* 

Glass, in automobile safety device, 
377*; in walls of buildings, 383* 
Gold, 467 
Goose, 82*, 84 
Gopher, 76* 

Gopher turtle, 76* 

Goshawk, 689 

Grading, of animals, 601*, 602*-604 
Grafting, 597*-598, 599 
Grand Coulee Dam, 507, 508, 554* 
Grand Teton National Park, 618 
Grape, 563, 564, 598 
Graphite, 250, 467 
Grass, 668, 670, 672, 673* 
Grasshopper, 113, 114*, 124, 125, 
185, 322, 323 

Gravity, response of plants to, 61, 
62*, 67; machines to overcome, 
208, 251, 506 
Greeks, 498 

Grid, of storage battery, 297* 
Grouse, 82*, 84, 693 
Guard cell, 174 
Guitar, 349, 352 
Gymnosperm, 135-136* 

Habit, 20-24 

Habitat, varieties of, 143-146;' of 
man, 190-191 
Hair, 173, 179* 

Hair-cap moss, 133* 

Hall, Charles Martin, 470 
Hammer, as a machine, 202*, 206, 
214, 219; of piano, 342*, 350, 352 
Hand, superiority of, 8*, 191, 192 
Harmonica, 354 
Harp, 348, 350* 

Hawk, classification of, 82*, 84; 

protection of, 688-689, 691* 
Hayweed, 75* 

Head, of water, 509 
Health, and inheritance, 583*, 584 
Hearing, audiometer for testing, 
335*; how we hear, 356-360; aids 
for, 361-363 

Heart, of earthworm, 107 
Heart beat, as a reflex, 47; during 
hibernation, 179 

Heat, produced by electrical re- 


sistance, 279-280. 435*-440, 473; 
from light energy, 387; in boiler, 
519*-522; in gasoline engine, 
533-534, 538-539; in Diesel en- 
gine, 542; of compressed gas, 
542; of sun as source of power, 
554-555, 556*-557 
Heating element, in electrical de- 
vices, 439*-440 
Helium, in rock, 631*, 632 
Hemiptera, 125* 

Hemlock, 135 
Hemp, 170* 

Herbivorous animal, 195 
Heredity, meaning of, 567-569; 
and experiments with plants, 
570-575; and variations, 576- 
580*; of living things, 581-584; 
of plants improved by selection, 
586*-591 
Hibernation, 179 
High-hole, 76 

Highways, lighting of, 396*, 397* 
Hippopotamus, 154 
Hog, 563, 564, 565* 

Hogweed, 75* 

Hoof, 636* 

Horned toad, 172* 

Horse, training of, 58*; classifica- 
tion of, 81*; adaptations of, 188; 
pedigreed, 601; prehistoric, 633*- 
637, 654 

Horse-power, 514-516* 

Horse-shoe crab, 122* 

Horsetail, 134, 135* 

Humus, 666 

Hunger, responses to, 3-5 
Hunting, 698-699 
Hutton, James, 615 
Hybrid, meaning of, 573; pea 
plants as, 574; four-o’cloeks as, 
575*; insect resistant, 590*; 
from cuttings, 590* 

Hydra, 95*-97*, 156, 157 
Hydraulic press, 207 
Hydrogen, 289*, 290, 291, 469*, 
470 

Hydrometer, 299 
Hymenoptera, 125* 

Ice, pick, 206; tongs, 206 
Igneous rock, 618*, 619, 631-632 
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Image, in mirror, S97-399; as 
affected by lens, 411*, 413; on 
retina, 416, 417, 418*, 419* 
Imprint, fossil, 622* 

Impulse, nervous, 11 
Incandescent lamp, 441* 

Inclined plane, 224*, 227, 236, 241 
Indirect lighting, 409 
Induction, motor, 463; coil, 478*, 
486*, 532* 

Inertia, use of machines to over- 
come, 208-209, 251 
Infection, 362 

Inheritance, of behavior, 50-54, 67 ; 
of characteristic structures, 567, 
568, 569, 571, 572*, 573, 576 
Insect, classification of, 124-125*; 
adaptations of, 168, 171*, 179; 
methods of producing sound, 
322-323*; prehistoric, 621*, 640- 
641 

Instinct, 50-54 

Insulator, electrical, 270*, 271, 274, 
281*, 283, 439*-440; sound, 370- 
372* 

Intake, stroke, 535*, 536 ; valve, 535* 
Internal-combustion engine, 531- 
546 

Intestine, of clam, 110* 
Invertebrate animal, as a classifica- 
tion, 79*, 80, 83; percentage of, 
86; general characteristics of, 
116; major classes of, 117; pre- 
historic, 638-639* 

Ion, 471* 

Iris, 416* 

Iron, oxidation of, 439 
Isthmus of Panama, 654-655 

Jack, 212, 238* 

Jackscrew, 212, 238*, 239, 240 
Jackson, Andrew, 686 
Jamaica, 692 

Jaw, of deep-sea fish, 161*, 162* 
Jell:^sh, 97*, 154 
Jeweled bearing, 249, 250* 
Jurassic Period, 626 
Jute, 170* 

Kaibab National Forest, 690 
Kalahari Desert, 651 
Kallima butterfly, 187* 


Kangaroo, 141*, 648, 649 
Katydid, 322, 323* 

Kerosene, 381 
Kettle drum, 348* 

Keys, of piano, 342*, 350; tele- 
graph, 480*, 481*, 482, 483 
Killdeer, 186* 

Kilocycle, 489 

Kilowatt-hour, 452, 453*, 454* 
Kinetic energy, 214, 464, 502, 504, 
506 

Knife, 204*, 205, 241 
Koala, 649, 650* 

Kudzu, 672* 

Lamp, sizes of electric needed for 
various kinds of work, 406*, 
408*; electric, 441*-443* 

Land bridge, 653-654 
Larynx, 320, 321* 

Lawn mower, 201 
Lawton berry, 594, 595 
Lead, in electric cell, 295, 296*, 
297*, 468; in rock, 632 
Lead oxide, 296*, 297* 

Leaves, response to light, 64*-65, 
67; net- veined, 136, 137*; par- 
allel-veined, 136, 137*; of water 
plants, 149, 157-158; value of 
falling, 179-180; adaptation of 
evergreen, 180 

Learning, by experience, 7, 16-20; 
by trial-and-error, 38-44; of ani- 
mals, 47-49, 57-58 
X^6Gch 107^ 

Legs, for locomotion, 167-168, 191* 
Lemming, 178, 185 
Lemon squeezer, 210 
Lens, action of light through, 410*- 
415*; of eye, 416*, 417, 418*, 
419*; in optical instruments, 
421*-424 
Lenticel, 172* 

Lepidoptera, 125* 

Lever, 202, 211*, 227*-231, 244*, 
245* 

License, for hunting and fishing, 
698-699 

Lichen, 132*-133 

Light, response of plants to, 60*, 
63*-65, 67; plant adaptations for 
getting, 157-158*, 176; in ocean 
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depths, 160, 161*, 162; from 

electric generator, 309; speed of, 
328; sources of, 380-381*; reflec- 
tion of, 381-382, 385*, 392*-397; 
passage of through materials, 
382-385*; nature of, 385-387; 
how it travels, 387-391; and 
mirrors, 397-402; needs of human 
eye, 403-409; meter, 406, 407*; 
and lenses, 410-415; of sun as 
source of energy, 553-555, 556*, 
557 

Lighting, of buildings, 383*, 384*, 
403*-409; of highways, 396*, 
397* 

Lightning, 272*-273* 
Lightning-bug, 381* 

Lignite, 677* 

Limestone, 616, 638 
Lines of force, 475 
Linnaeus, Carl, 77* 

Lion, 3*, 120, 651 
Lips, as aid in speaking, 321, 322*; 
use of to produce sound in 
musical instruiiicnts, 354 
Liquid, as carrier of sound, 326-327, 
334 

Liver, of clam, 110* 

Liverwort, 133, 134* 

Lizard, classihcatiou of, 81*, 118, 
172*, 183-184; prehistoric, 607"*, 
641-643* 

Loam, 666, 667 
Loblolly pine, 708 
Lobster, 113, 123 
Local lighting, 408* 

Locomotion, adaptations of water 
animals for, 150-156; adapta- 
tions of land animals for, 167*- 
170; adaptations for flying, 168- 
169* 

Locomotive, generator on, 309; 
boiler of, 525*; operation of 
engines in, 525*-526 
Locust, 125, 126* 

Longhorn, 566* 

Loudspeaker, 317, 367, 491* 
Louse, plant, 125* 

Lubrication, 250-251, 253, 532*, 538 
Lung, of reptile, 118-119; of bird, 
119, 151; as air bladder, 153-154, 
171; man’s, 191 


Lung-fish, first, 640 
Lynx, 120* 

Machines, defined, 201 *-202; classi- 
fication of, 202-203; energy 
needed for, 203; value of under- 
standing, 204; primitive, 205*; 
kinds of work done by, 205*- 
208*; to multiply force, 211*- 
212*; to multiply speed, 212*- 
213*; to change direction of 
force, 213*-214*; to store energy, 
214-215; to transmit force, 215*- 
216; efficiency of, 223; mechan- 
ical advantage of, 225*-226, 228, 
229, 233, 234, 235, 236, 237*, 
239-240, 241-242, 245*-246 
Magnet, 285; used to make elec- 
trons flow, 301-306*; in volt- 
meter, 448*; in electric l)ell, 456*, 
457*; in motor, 458*, 459*, 460*, 
461*, 462*, 463* 

Magnetic field, 304*, 306, 458*-459, 
461*, 462, 476, 478 
Magnifying-glass, 410 
Mammal, classification of, 81*, 
84, 119; adai)tations of, 171; 
sound produced by, 322; pre- 
historic, 634-637, 643-644 
Mammoth, 621, 623, 644 
Manganese dioxide, 291 
Mangrove, 149-150* 

Marconi, Guglielmo, 480 
Marimba, 352* 

Marsupial, 121* 

Massachusetts, 705 
Mass selection, of corn, 589 
Mauritius, 182 
Meat grinder, 205, 240 
Mechanical advantage, 225 *-226; 
of levers, 228, 229; of pulleys, 233, 
234, 235; of inclined planes, 236; 
of wheel and axle, 237*; of screw, 
239-240; of wedge, 241-242; of 
complex machines, 245*-246 
MeduUa, 14*, 46 
Megaphone, 359, 368 
Melanoplus, femur-rubrum, 126*, 
127; spretus, 127 
Memory, 55-59 

Mendel, Gregor, 570*, 571, 572, 
573, 574, 577, 578 
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Mermaid weed, 158 
Mesohippus, 636* 

Mesozoic Era, 626, 641, 642 
Metals, purification of by elec- 
tricity, 470*-471* 

Metamorphic rock, 619 
Meter, electric, 279*, 281, 452- 
454*; sound-level, 315*, 339-340; 
light, 406, 407* 

Mira 43Q*-440 

Microphone, 361, 362*, 372, 490* 
Microscope, 410, 421*, 422* 
Migration, 180*, 694*, 695* 
Migratory Waterfowl Refuge, 659*, 
695* 

Milk, gland, 119; production, 603 
Millipede, 124 
Mimicry, 187* 

Minerals, 299 

Mining, waste of coal in, 677-678 
Mink, 693 
Minnow, 164* 

Miocene Period, 626 
Mirror, 378, 379*, 392*-394, 397- 
401* 

Mold, 131 

Mold fossil, 622, 623* 

Molecules, use of machines to 
overcome force of, 209; action of 
in sound, 330-334, 338, 339, 443; 
in burning gases, 533-534; of 
petroleum, 685 
Moll, 328 

Mollusk, 109*-112*; prehistoric, 
639* 

Monarch butterfly, 125* 
Mongoose, 692 
Monkey, 81*, 651 
Monocotyledon, 136, 137* 

Moorish Idol, 118* 

Moose, 692 

Morse, Samuel F. B., 479* 
Mosquito, 125 
Moss, 133* 

Moth, 113, 125 

Motion-picture projector, 410, 
423*-424 

Motor, electric, 201, 203, 455. 458, 
459*-464* 

Motor area, 14*, 15-16 
Mountain lion, 120*, 195 
Mt. Robson, 614* 


Mouth, of paramecium, 89*; of 
earthworm, 106*, 107; cavity as 
aid in forming sounds, 322* 
Mud-puppy, 118 

Muffler, automobile, 372, 536, 544* 
Mullein, 174*, 189 
Muscles, control of, 16, 45*, 46*, 47* ; 
energy of, 203; aided by mach- 
ines, 211 *-212*; of vocal cords, 
320, 321; of tongue, 322; of eye, 
417; in doing work, 497-498* 
Mushroom, 131 

Musical instruments, antiquity of, 
313*, 316*; primitive, 347*; as 
producers of sound, 347*-355 
Muskellunge, 151*, 697* 

Musk-ox, 179* 

Muskrat, 151, 693 
Mussel, 109* 

Mutation, meaning of, 579-580; in 
sunflower, 579; in Boston fern, 
579*; in robins, 580*; in horse, 
635*-636*; as essential to sur- 
vival, 636-637, 638, 642-643 
Myriapoda, 124 

Nail, 209, 219 
Naphtha, 682 

Nasal cavity, as aid in forming 
sounds, 322 
National Forest, 701 
Natural gas, 682* 

Nautilus, 115* 

Near-sightedness, 419* 

Needle, phonograph, 364*, 365. 
366, 367* 

Negative charge, 265, 267, 268*, 
269*, 273*, 274 
“Neon’» lamp, 442-443 
Nerve, stimulation of, 11-13; and 
body control, 14-16; to control 
vocal cords, 321 

Nerve cords, of invertebrate and 
vertebrate animals, 116 
Nervous system, man’s, 9-20; need 
of complex for intelligent be- 
havior, 53-54; of hydra, 96*-97; 
of sponge, 93*; of starfish, 103- 
104; of earthworm, 106 
Newcomen, Thomas, 513, 519 
Niagara Falls, power from, 472- 
474, 507; age of, 630* 
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Nickel, 466 
“Night crawlers,” 108 
Night-flowering catchfly, 64 
Noise, method of measuring, 315*; 
nature of, 334-337; control of, 
371*-372* 

Non-conductor, of electricity, 270*- 
271, 274; of sound. 371 *-372* 
Nose, 12, 191-192 
“Nose” animal, 90* 

Nucleus, 89* 

Nutcracker, 212*, 230 

Oar, 212* 

Oats, 668 

Objective lens, 422* 

Oboe, 354, 355* 

Octave, 346 
Octopus, 109, 110-111* 

Oil, pump, 532*, 538, 542; dome, 
682*, 683; well, 683-684*. 685* 
Oligocene Period, 626 
Opacity, 383, 385* 

Opossum, 121* 

Optic nerve, 416* 

Optical instrument, 421 *-424 
Orange, mutations in, 579; grafting 
of, 598; budding of, 598*, 599 
Order, as group in classification, 
124; of insects, 124-125* 
Ordovician Period, 625*, 626 
Organ, 343 
Orthoptera, 125* 

Ostrich, 188 
Otter, 693 
Ovary, 570 

Overshot water-wheel, 506, 507* 
Overtone, 345*-346, 351, 354 
Owl, 185* 

Oxidation, of food, 177-178; of 
wires when heated in electrical 
devices, 438-439, 441, 442; of 
fuel in gas engine, 533-534 
Oxygen, dissolved in water, 164*; 
produced in electric cell, 296*; 
in electrolysis, 469*, 470 
Oxygen-getting, by ameba, 88; by 
sponge, 93; by hydra, 96; by 
starfish, 103; by earthworm, 107; 
by fish, 117; adaptations for, 
148-150*, 171*-172* 

Oyster, 100-101, 156 


Pad, electric, 438* 

Paleozoic Era, 626, 627*, 638, 645 
Palm tree, 646, 647* 

Paraffin, 681 

Parallel circuit, 281-282*, 283 
Paramecium, 38*-41, 88*-89* 
Pasture, 672* 

Pavlov, Ivan, 47-48 
Peach, 563, 598 

Peas, experiments with, 570-574 
Peat, 676-677* 

Pedigree system, 600-601 
Pelton wheel, 509*-510* 

Penguin, 151, 163*, 186, 187 
Pennsylvania, 622 
Perch, 117* 

Percussion instrument, 348*-349* 
Perennial plant, 74* 

Perfume, 679 

Period, of geologic time, 623, 625, 
626 

Periscope, 398*, 399* 

Permian Period, 626, 628* 
Perspiration, as body-heat regu- 
lator. 178 
Petiole, 155* 

Petrified forest, 609, 610* 
Petroleum, formation of, 554-555; 
U. S. production of, 676; future 
supply of, 681; uses of, 681; 
methods of obtaining, 682-683; 
methods of conserving, 683-685 
Pharynx, of earthworm, 106*; of 
human being, 359* 

Pheasant, 696*, 698* 

Phonograph, 363-367* 
Phosphorescent organs, 161* 
Photography, 386*, 388* 
Photosynthesis, 175 
Phylum, meaning of, 122; method 
of sub-division of, 123-128 
Piano, 21*, 316*, 342*, 343. 346, 
350, 352 

Pig, sounds made by, 322 
Pile-driver, 215 
PiU bug, 128* 

Pine, 135, 136*, 706*, 708*; blister 
beetle, 706* 

Pistil, 570, 571 
Pistol, 327-328 

Piston, of steam engine, 519*, 522*- 
525*; of gasoline engine, 532*, 
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533, 534*-536; of Diesel engine, 
542*; of air brake, 550* 

Piston rod, 519*, 523*, 524, 532*, 
534* 

Pitch, of screw, 239, 240; of sound, 
341-344*; of wind instrument, 
353*; ear structure to detect, 
360* 

Pitchfork, 206, 230 
Plane, 217*, 241 
Plane mirror, 399, 401* 

Plant lice, 125* 

Plant responses, to light, 60*. 63*- 
65; to gravity, 61, 62*; to food 
and water, 62-63; to tempera- 
ture, 65; to touch, 65*-66; nature 
of, 66-68 

Plate, of storage battery, 297*; 

printing, 467-468* 

Platypus, 649* 

Pleistocene Period, 626 
Pleurococcus, 129*, 130 
Pliers, 202, 206, 212, 230 
Pliocene Period, 626 
Plow, 206, 241 
Plowing, 667*, 669*-670 
Plum, 564, 596, 598 
Plutonium, 557 
Pneumonia, 698 

Pole, of a magnet, 227, 456, 458, 
462, 464*, 474-475 
Pole transformer, 474* 

Police dog, 7, 10* 

Pollen grains, 570 
Pollination, 570, 572*, 574, 575* 
Polychaet worm, 115* 

Porcelain, 439-440 
Porcupine, 184 
Porcupine fish, 183* 

Porifera, 94* 

Portuguese Man-of-War, 154* 
Positive charge, 265, 267, 268*, 
269*, 273*, 274 
Post-puller, 229*, 255* 

Potato, 668 

Potential energy, 503, 506, 508, 554 
Potter wasp, 6* 

Power, total available in U.S., 495; 
from wind, 501-506; from water, 
506-512; measurement of, 513- 
517; from steam engines, 518-526; 
from steam turbines, 527-531; 


from gasoline engines, 531-540; 
from Diesel engines, 541-543; 
transmission of in automobile, 
545-548; transmission by com- 
pressed air, 548-551; transmis- 
sion by electricity, 552-555; 
future sources of, 555-558 
Power stroke, 535 *-536 
Prairie chicken, 687 
Precambrian Period, 626 
“Precious^* coral, 115* 

Prejudice, 33-35 
Pressure gauge, 520*, 521 
Primary coil, 476*, 477, 478*, 486* 
Primates, 651 
Printing plates, 467-468* 
Printing-press, 203, 208, 210 
Prism, 422*, 423, 425*, 426* 
Progeny performance, 589, 590 
Propeller, of ship, 499*; of wind- 
mill, 502*, 504*-505* 

Protective coloration, 184 *-187* 
Proterozoic Era, 626, 638 
Proton, 267, 268*, 269*, 274 
Protoplasm, as affected by experi- 
ence, 57 

Protozoa, structure of, 89*-91*; 
adaptations of, 174; prehistoric, 
638 

Psittacosaurus, 642* 

Ptarmigan, 185 
Pteridophyte, 129, 134-135* 
Puffball, 131 

Pulley, 204, 206, 213*-214, 227, 
232*-235*, 236*, 244* 

Pulsating current, 485, 486, 488, 
490* 

Puma, 120* 

Pump, of gasoline engine, 532*, 
538, 542; compressed-air, 549, 550 

Pump handle, 212, 230 
Pupil, 416* 

Push-button, 278*, 457* 

Python, 3-4* 

Quail, 184, 693 

Quality, of sound, 345 *-346 

Quartz, 616 

Rabbit, eye of, 11*; taste buds of, 
113*, 184, 653, 691* 

Raccoon, 693 
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Radar, 431* 

Radiant energy, 386, 554 
Radiator, 539, 544* 

Radio, 367, 480, 488-491 
Radioactive element, 631 
Radiolarian, 91* 

Rag-doll test, 587-589*, 588* 
Ragweed, 75* 

Rainbow, 429 

Raindrop, fossil imprint of, 623 
Rainfall, and soil erosion, 665 
Rake, 206 

Rarefaction, 331*, 332* 

Raspberry, 596 

Rotary motion, 503*, 505*, 523*, 524 
Rattlesnake, 119* 

Ray, of light, 389*-391; ultra- 
violet, 444 

Reaction time, 35-36*, 37* 

Reaper, 201 

Receiver, telephone, 483, 484, 

485*; radio, 491* 

Recent Period, 626 
Recessive trait, 571, 572*, 573, 576 
Reciprocating motion, 503*, 505*, 
523*. 524 

Record, phonograph, 363-367* 
Red-legged locust, 126* 

Red pine, 708 

Red-shouldered hawk, 691* 
Redwood tree, 646-647, 651 
Reed, of musical instrument, 354, 
355* 

Reflection, of sound waves, 369- 
371; of light, 381-382, 385*, 386*, 
390*, 392*-401*, 426-428* 

Reflex acts, 44-49, 52 
Reforestation, 707*-710 
Refraction, 412*, 413*, 421*, 425* 
Refrigerator, 431* 

Regularly reflected light, 394*-395* 
Reindeer, 648 

Re-pressuring, of oil wells, 683-684 
Reproduction, of higher animals, 
568-569; of plants, 570 
Reptile, classification of, 81*, 84, 
118-119*; adaptations of, 171; 
prehistoric, 607*, 609*, 628*, 
629*, 640, 643 
Resin, 621*, 700 

Resistance, use of machines to 
overcome, 208-211, 212*; elec- 


trical, 279, 282, 436*, 437, 473; 
of metals and alloys, 438, 439 
Resonator, 369* 

Response, explained, 5 

Retina, 416*, 417, 418*, 419, 424 

Rheostat, 450* 

Rhinoceros beetle, 139* 

Rhizoid, 133, 134 
Rhododendron, 68* 

Ripple marks, 615* 

River, drowned valley of, 614 
Riveter, compressed-air, 548, 549* 
Road-building, Roman, 497* 

Rock, layers of, 611; sedimentary, 
614*, 615*, 616, 618*, 619, 620, 
623, 629; formation of, 614*, 
615*, 616; as indicating changes 
in earth’s surface, 616-618*; age 
of, 629-632; oil-bearing, 082* 
Rock wool, 372 

Rocky Mountain, locust, 126*; 

sheep, 651; goat, 652* 

Rodin, Auguste, 28* 

Roller bearing, 248*, 249 
Roller-skates, 247* 

Rolling mill, 207-208, 210* 
Romans, 613* 

Roman wormwood, 75* 

Root, response to gravity, 61, 66, 
67; response to food and water, 
62-63, 67; of mangrove, 149- 
150*; of water plants, 157; of 
land plants, 176; as protection 
against erosion, 664*, 667; plant- 
ing of tree seedling, 709 
Rope, 170* 

Rotor, of generator, 307*, 509*; of 
water turbine, 510*, 511* 
Rubber, as insulator, 297*, 371-372 
Russia, 632 
Rust fungi, 131 
Rye, 668, 671 

Saber-tooth tiger, 644 
Safety valve, 521*, 525* 

Sahara Desert, 649, 651, 655 
Salamander, 81*, 118* 

Salmon, 53 

Salt, and age of oceans, 630-631 

Sand, 666 

Sand blast, 548 

Sand box, of locomotive, 253 
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Sandstone, 615, 616, 639 
Sand worm, 108 
Sandy loam, 666 
Savery, Thomas, 519 
Saw, 201*, 206, 208*, 209 
Sawmill, 208* 

Saxophone, 316*, 352, 354, 355* 
Scion, 597* 

Scissors, 206 
Scorpion, 113*, 124 
Screw, 206, 227, 238*-240*, 243* 
Screw driver, 201, 206 
Screw propeller, 206*, 499* 
Sea-anemone, 71*, 97-98*, 157 
Sea-cucumber, 104* 

Sea-horse, 188* 

Seal, 151, 152*, 159, 193* 

Sea lion, 55* 

Seaplane, 169* 

Sea-scorpion, prehistoric, 639*-640 
Seaweed, 131, 645 
Sea whip, 71* 

Secondary coil, 476*, 477, 478*, 486* 
Sedimentary rock, 614*, 615*, 616, 
618*, 619, 620, 623, 629 
Seed, 135, 136* 

Seedless orange, 598, 599* 
Seedlings, planting of, 708*-709 
“Seeing-eye” dogs, 10*, 25* 
Segmented worm, 105*-108* 
Selection, improving plants by, 
586*-594 

Selective cutting, of forests, 704* 
Self-pollination, 570, 592* 
Semi-direct lighting, 408*-409 
Sense organ, explained, 11-13; and 
reflex acts, 45, 46; of earthworm, 
106; of man, 191-192 
Sensitive plant, 65* 

Sensory area, 14*, 15 
Series circuit, 282-283*, 292*, 293*, 
448*, 449 

Serpent star, 104*, 641* 
Sewing-machine, 201, 216, 244- 
245* 

Shadow, 390-391 
Shaft mining, 678* 

Shale, 616 

Sharp-shinned hawk, 689 
Shears, 204* 

Sheep, prize, 563; variations in, 
579; grading of, 601* 


Shelf fungi, 131 
Shells, of animals, 184 
Shield bug, 125* 

Ship, 206*; under-sea signaling 
for, 327; galley, 498*; propeller, 
499*; starting platform of, 501* 
Short circuit, 282 
Short-leaf pine, 708 
Shovel, 206, 230* 

Shrimp, 123 

Shrubs, and erosion, 668 
Shutter, of projector, 4 23 *-424 
Siberia, 621 

Sight, 11; and light, 381-382; how 
we see, 416*-418*; defects in, 
418*-419*; care of, 419-420* 
Silurian Period, 626, 639* 

Silver, resistance of, 438, 439; plat- 
ing, 466, 467 
Simple cell, 286-289* 

Simple magnifier, 421* 

Sire, 600 
Siren, 343-344* 

Skeleton, of sponge, 92; of arthro- 
pods, 113*-115*; essential to 
land animals, 168; of crab and 
crayfish, 184; of man, 191 
Skin, of earthworm, 107; as pro- 
tection against drying, 164, 171, 
173-174, 178*, 183, 191 
Skunk, 691 

Sleep movements, of plants, 65 
Slide-valve, 523*, 525* 

Slip ring, 307* 

Sloth, 185, 650, 651* 

Slug, 109 
Smell, 12, 188 
Smith, William, 622 
Smoke-stack, of steam locomotive, 
525* 

Smut, 131 

Snail, 109, 110*, 184 
Snake, classification of, 80, 81*, 
118, 119*; adaptations of, 167- 
168, 179, 183, 188 
Sneezing, 46* 

Snow, reflection of light from, 397 
Snow plow, 242* 

Social animals, 54 
Socket, electrical, 282, 283*, 285* 
Soil, man’s improvement of, 195; 
loss of, 196; conservation of. 
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663*, 664*- 675; best for various 
kinds of trees, 708 
Solids, as carriers of sound, 325- 
326*, 334 
Sonometer, 341 
Soot, 679 

Sound, detectors, 317*; causes of, 
318-324; how carried, 324*-327; 
speed of, 327-329; waves, 330*- 
334; causes of pleasant and un- 
pleasant, 334-337; causes of loud 
and soft, 338*-340; causes of 
high and low, 341-344; quality 
of, 345*-346; recording of, 363- 
366; reproducing of, 366-367; 
control of, 368*-372* 

Sounder, telegraph, 480*, 481*, 482* 
Sounding-board, 350, 351 *,352, 369 
South America, 648, 649, 650-651 
Southern white cedar, 708 
Sowbug, 123, 128* 

Soy-bean, 670 

Spark, in gasoline engine, 534, 
535*, 537-538 
Spark-plug, 298, 306, 478 
Sparrow, 82* 

Speaking tube, 317-318 
Species, in classification, 126, 127 
Spectrum, 426*-428* 

Sperm, 164; cell, 568, 570 
Spermatophyte, 129, 135-137* 
Spider, 6*, 113, 124* 

Spinal cord, 46, 116 
Spirogyra, 130*-131 
Sponge, classification of, 92*-94*; 
adaptations of, 156-157; pre- 
historic, 638 

Spore, 133, 134, 135*, 646 
Spring, energy of, 210, 215 
Sprocket wheel, 216, 243 
Spruce, 135 
Squids, 109 
Squirrel, 76* 

Stag beetle, 176* 

Stallion, 601 
Stammerwort, 75* 

Stamping machines, metal, 210 
Standard Pitch, 343 
Star coral, 99* 

Starfish, 80 ; as destroyer of oysters, 
100*-101*; structure of 101*- 
104; prehistoric, 641* 


Starling, 653 

Starter, of automobile, 298*, 538 
Static electricity, 261-266, 267*, 
270, 271-272 

Steam, energy of, 203; to run en- 
gines, 518-531; dome, 521*; 
chest, 523* 

Steam engine, 203; invention of, 
498-499, 513*, 518-519; con- 

struction and operation of, 518- 
526 

Steam shovel, 203 
Steam turbine, 527*-530* 

Steel, rolling of, 210*; speed of 
sound through, 329 
Stegosaurus, 643* 

Stem, response to gravity, 61, 66, 
67; of water plants, 155; of land 
plants, 169-170, 176 
Stentor, 90* 

Stigma, 570 

Stimulus, defined, 11-12; how 
human body receives, 9-13 
Stock, in grafting, 597* 

Stomach, of starfish, 100*, 101, 
102*; of clam, 110* 

Stomata, 149, 172; as help, to 
regulate moisture, 174 
Storage battery, 294-300, 478 
Stork, 82*, 84 
Strawberries, wild, 564 
Stringed instruments, 348*, 349- 
352 

Strip cropping, 670*-671 
Stroke, of gas engine, 503*, 535*-537 
Structure, as related to behavior, 
6; as basis of classification, 79-85, 
129; as determining hal)itat, 144- 
146; as plant protection, 188- 
189*; adaptations of man’s, 191*- 
192; inheritance of, 582 
Struggle for existence, 189, 642 
Submarine, signaling, 327; ])eri- 
scope, 399 
Sugar, 385, 386 
Sugar maple, 708 
Sulphuric acid, 287, 288, 289, 295, 
296*, 469*, 471 

Sun, as main source of light, 381; 
reflection of light from, 397; 
energy from, 518, 557 
Sunburn, 386 
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Sunflower, 64, 578*, 579 
Sun lamp, 443-444 
Sunlight, color contained in, 426*; 
as source of energy in coal, 518, 
554-555 

Swallowing, 47 
Swamp, drainage of, 195 
Sweat gland, 178*, 192 
Sweating, as a reflex, 47; as tem- 
perature regulator, 192 
Sweden, 77, 78, 613 
Sweet gum, 708 

Switch, electrical, 278*, 279*, 281, 
283* 

Switch-back, 239* 

Sympathetic vibration, 356-358, 
360, 369 

Synchronous motor, 463-464* 

Tack-puller, 206, 212, 225*, 230 

Tadpole, 117 

Tail, of windmill, 456* 

Tannin, 700 
Tarantula, 124 
Taste, 12, 13* 

Teeth, as aids in forming sounds, 
322*; of horse, 634, 635 
Telegraph, 479*, 480*-483 
Telephone, 306, 309, 479*-480, 

483-488* 

Telescope, 400-401*, 410*, 422* 
Teletypewriter, 438 
Television, 480, 492*-493 
Temperature, as stimulus to plants, 
65, 67-68*; adaptations to, 158- 
159, 177-180; control of body, 
177-178; of animals during hiber- 
nation, 179; color changes of ani- 
mals because of, 185*- 186; of air 
when compressed, 542 
Tennis, habits necessary for, 22*; 

racquet, 209, 253* 

Tentacle, 95*, 96*, 98*, 110* 
Termite, fossil, 621* 

Terracing, 671* 

Thallophyte, 129*-133 
“The Thinker,’’ 28* 

Thinking, explained, 25-29 
Thistle, 189* 

Thorax, 114* 

“Thousand-legger,” 640 
Thread, of screw, 239 


Throttle, 525* 

Throttle valve, 525*, 538* 
Thunder, 273* 

Thunder lizard, 607*, 641 
Tick, 124 
Tide, 555-556 
Tiger, 120, 184* 

Timer, automobile, 532* 

Timing gears, 534* 

Toad, 81*, 118 

Toaster, 282*, 435, 438*, 439* 

Tobacco, 668 

Toe, of horse, 634, 636* 

Tolerance, 34 

Tomato, cross-pollination of, 594* 
Tongue, and forming sounds, 321, 
322* 

Top-soil, 664 

Touch, sense organs of, 12; re- 
sponse of plants to, 65*-66 
Tractor, 255*, 500* 

Trafiic safety device, 377* 

Training animals, 47-49 
Trait, 571, 572*, 576-577 
Transformer, 472*-478, 491* 
Translucency, 383*, 385* 
Transmission, of automobile, 209*; 
of harnessed energy, 544*-553; 
of electric power, 552*-553 
Transmission system, of automo- 
bile, 544*-548 

Transmitter, 483, 484*, 486* 
Transparency, 382, 385* 

Trapping, 697 
Tread, of a tire, 252, 253 
Tree, prehistoric cone-bearing, 
609*, 610*, 646, 647*; as protec- 
tion against erosion, 668; amount 
of wood used from, 700; diseases 
of, 704-706*; selective cutting of, 
704* 

Tree-frog, 118, 185, 186 
Trial-and-error behavior, 38-44 
Triassic Period, 626 
Trillium, 137* 

Trilobite, 639* 

Trip hammer, 208 
Trombone, 352*, 353 
Tropism, 66*-67 
Truck crops, 668 
Trumpet, 313*, 352*, 353, 354 
“Trumpet” animal, 90* 
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Tuba, 353 

Tube feet, 100*, 101*, 102*, 103, 
104 

Tuberculosis, 584, 698 
Tube worm, 108 
Tungsten, 439, 442* 

Tuning-fork, 319*, 325, 326, 331, 
336, 338*, 356*, 357 
Ttubine, water, 509-511*; steam, 
527*-530*, 552* 

Turkey, 563, 693 
Turpentine, 700 
Turtle, 81*, 118, 148*, 151, 184 
Tweezers, 206 

Uintatherium, 633* 

Ultra-violet ray, 444 
Unconformity, in rock layers, 617*- 
618*, 624 

Undershot water-wheel, 506-507* 
U. S. Department of Agriculture, 
667, 686, 690, 698 
U. S. Forest Service, 701 
Universal joint, 544* 

Uranium, 557, 631, 632 

Vacuum, cleaner, 205, 216; pump, 
324*; transmission of sound in, 
324*-325; transmission of light 
through, 387-388 
Valley, drowned, 614 
Valve, of musical instrument, 353, 
354; of steam engine, 523*, 524*, 
525*; of gasoline engine, 532*, 
535*, 536; of compressed-air 

brake, 550* 

Van Beek, 328 

Variation, meaning of, 577; in corn, 
577, 586, 587; in dog, 577*, 578 
Vascular bundle, 135, 136, 137, 169 
Vascular system, 133, 134 
Vaseline, 681 
Veneering, 700-701 
Venus’s flytrap, 66* 

Vertebrae, 116 

Vertebrate animal, as a classifica- 
tion, 79*, 80, 81*, 83, 84, 116; 
prehistoric, 639 

Vibration, as cause of all sound, 
318-323; action of air molecules 
during, 330-334; as cause of dif- 
ferences in sound, 334-346*; 
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reinforcing of, 350-352, 356*; 
sympathetic, 356-358, 360 
Viceroy butterfly, 187 
View-finder, 413-414 
Viola, 348 

Violin, 3 1 6*, 337*, 346, 348, 350, 35 1 * 
Virginia deer, 688 
Vise, 240 

Vocabulary, value of large, 19 
Vocal cords, 320*, 321* 

Voice, man’s, 191 
“Voice box,” 320*, 321* 

Volcanic ash, 621 
Volcano, 619 

Volt, 292-293, 297-298, 447*, 451 
Volta, Alessandro, 259*, 260, 292 
Voltmeter, 447*, 448 

Walking-stick, 125, 187 
Walnut tree, 594 

Warm-blooded animal, 119, 178, 
643 

Wasp, 125 

Watch, 210, 238, 249, 250* 

Water, adaptations for getting 
oxygen from, 148-150; adapta- 
tions for moving in, 150-156; 
adaptations for food-getting in, 
156-158; pressure in ocean depths, 
160; conditions as habitat, 163- 
165; adaptations for preventing 
loss of, 172-175; man’s efforts to 
obtain, 195; as carrier of sound, 
326-327, 328, 329; action of light 
in, 378*, 383; decomposition of, 
468-470; as source of energy, 
501-502, 506-511*, 553, 554, 555; 
as a factor in soil erosion, 664*, 
665-666, 667* 

Water flea, 95* 

Water gauge, 520*, 521 
Water hyacinth, 147*, 155* 
Water-lily, 64, 149, 158* 
Watermelon, 563* 

Water power, available in U. S., 
507-508, 555 

Water-tube boiler, 520, 521* 
Water-vascular system, 102*- 103, 
104 

Water-wheel, 506-511 
Watson, Thomas, 479 
Watt, James, 499, 513*, 519 
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Watt, electrical, 450-451; power, 
516*-517 
Watt-hour, 453 

Watt-hour meter, 452, 453*, 454* 
Wave, light, 426-427; sound, 330*- 
334; radio, 490-491 
Wax, 362, 467 
Weasel, 691 

Wedge, 209, 227, 241*-242, 243*, 
245 

Weight-arm, 228*. 229*. 230* 
Welding, electric, 445* 

Whale, 119, 151, 155, 157, 159*, 
322, 644 

Wheat, marquis, 591-593, 594; 

cross-pollination, 592; and soil 
erosion, 668 

Wheel and axle, 227, 236*-238*, 
243*, 244*, 245*, 506 
Wheelbarrow, 212 
White ash, 708 
White blackberry, 594-595 
White clover, 65 
White oak, 708 

White-pine, blister rust, 705 ; blister 
beetle, 706* 

White rat, 50* 

White-tailed deer, 688 
Wild animals, reasons for disap- 
pearance of, 687-689; methods of 
conserving, 694-699 
Wild boars, 188 
Wildcat, 120*, 176* 

Wild life, destroyed by setth*rs. (>62 
Wild rose, 189 
Wild tansy, 75* 

Willow blight, 705 
Wind, as source of energy, 501, 
502-506, 553-554, 555; erosion 
by, 616, 664 


Wind instrument, 348*, 352*-355* 
Windlass, 245* 

Windmill, 4^* > \ 502*-506 
Windpipe, 321* 

Wing cover, of insects, 323* 
Wiring, in electrical testing devices, 
438-440; in electrical lamps, 
441* 442 

Wisconsin, 687*, 696*, 697* 

Wolf, 195, 692 
Wolverine, 693 
Wombat, 649, 654* 

Wood, as insulator, 297*; amount 
obtained from a tree, 700 
Woodpecker, 4, 5*, 76 
Wood pulp, 700 

Wood- wind instrument, 348*, 354- 
355* 

Work, kinds done by machines, 
205*-208*; measurement of, 217- 
220; scientific meaning of, 218- 
219; put into a machine as 
compared with work gotten out, 
221-223; meaning of, 497; primi- 
tive methods of doing, 497*- 
498*; measurement of, 514-517 
Wrench, 206 
Wright, Seth, 578-579 

X-ray, 434* 

Xylophone, 348*, 349 

Yawning, 46* 

Yeast, 130* 

Yellow hammer, 76 
Yellow poplar, 708 

Zebra, 634, 648, 651 

Zinc, 287, 288, 289, 290, 291, 292 
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